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ABSTRACT

Author: Lancaster, Nicholas, A. MS
Institution: Purdue University
Degree Received: December 2017
Title: Evaluation of Alkalis, Buffers, and Complementary Fiber Feeds to Increase
Digestibility and Performance in Feedlot Steers Fed Corn Stover
Committee Chair: Jon Schoonmaker
The use of dried distillers grains with solubles (DDGS) has been shown to limit fiber
digestibility due to the inherent acidity of the feedstuff. Three studies were conducted to
evaluate the effect of alkalis, buffers and complimentary fiber feeds on ruminal pH, fiber
digestibility, and animal performance. The first study was conducted to determine the
effectiveness of calcium hydroxide (StoverCal; Ca(OH)2) and/or roughage on diet
digestibility, performance and carcass characteristics of steers fed 60% DDGS. The
addition of StoverCal to low corn silage diets, or the addition of corn silage or corn stover
to a 60% DDGS ration did not impact steer DMI, gain:feed, or carcass characteristics.
However, the addition of 2% StoverCal to diets containing 34% corn silage and 60%
DDGS did decrease DM intake and the addition of StoverCal increased ADG in 60%
DDGS diets when corn stover replaced a portion of corn silage.
In the second study, addition of 1% CaO improved gain of steers fed soybean hull (SBH)
free diets, but not steers fed 30% SBH. Calcium oxide addition increased hot carcass
weight and yield grade and tended to increase backfat in steers fed SBH free diets, but
not steers fed SBH. Total VFA concentrations were greater when either SBH or CaO
was included in the diet, but they did not interact. Digestibility of DM, NDF and ADF
were greater with CaO addition, while only NDF and ADF digestibilites were greater
with SBH inclusion.

x
The third study was performed to determine which alkali, buffer, or alkali/buffer
combination is most effective at increasing performance of feedlot cattle fed a corn-based
diet containing 20% corn stover and 30% DDGS. Addition of 1% CaO resulted in
improved performance, while 1% calcium hydroxide (Ca(OH)2), 1% potassium carbonate
(K2CO3), and a combination of 1% Ca(OH)2 and 1% K2CO3 had little impact on steer
performance. Calcium oxide also maintained a greater in vitro ruminal pH for a longer
duration, which suggests a potential for increased fiber digestibility.
In summary, feeding 2% StoverCal improved digestibility and performance in cattle fed
20% corn stover and 60% DDGS, presenting similar performance to steers not fed corn
stover. Use of complimentary fiber feedstuffs or addition of CaO to SBH free diets were
effective at increasing animal performance, but SBH inclusion and CaO addition did not
interact. Addition of 1% CaO to corn based rations with DDGS and corn stover seems to
be most effective at improving feedlot performance compared to Ca(OH)2, K2CO3, or a
combination of Ca(OH)2 and K2CO3, presumably by maintaining a greater ruminal pH
and potentially increased fiber digestibility.
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REVIEW OF LITERATURE

1.1

Introduction

Since 1982 over twenty-four million acres of agricultural land have been developed for
either residential or commercial utilization, with nearly forty acres of agricultural land
being developed each hour (American Farmland Trust, 2017). Over the past century,
land use in the United States has shifted, declining from 63 percent of land in the U.S.
being used for agricultural purposes in 1949 down to 51 percent in 2007 (USDA ERS,
2014). Decreasing land available for agricultural production has limited the entire
agricultural industry. However, with an anticipated population of 9.7 billion people by
2050 (UN DESA, 2015), agricultural producers are forced to find methodologies to
increase production output while reducing the available inputs. For the cattle industry,
this translates to less land available for animal and feed production and periods of
increased feed costs. Furthermore, corn-based ethanol production has consumed 35 to 40
percent of U.S. corn in recent years (USDA ERS, 2016). This utilization of corn has
resulted in a decreased availability of corn for beef production and higher prices for
available corn, further pressuring the beef industry to find alternative feeding strategies
without compromising animal performance.
Though corn prices are currently low, the added factor of corn utilized for ethanol
production is expected to create more fluctuations in future grain demand, impacting the
price of corn and other feedstuffs. Regardless of future market predictions, fluctuations in
demand and prices of feedstuffs, ethanol, and beef products demonstrate the volatility
that is present in the agricultural sector. This volatility further presses the importance of
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finding alternative feeding strategies to ensure the supply of beef is adequate regardless
of market shifts. An increasing world population, decreasing land available for
agriculture, and market volatility mandates alternative practices in animal production be
explored to maintain or increase efficiency while increasing product output and
minimizing input costs for the producer.
With the increase in ethanol and resulting corn production, there has been an
increase in the availability of corn stover. Consequently, much research has been focused
on the inclusion of corn stover and other inexpensive crop residues such as wheat straw
in feedlot rations as a way to replace more expensive grains. However, crop residues are
considered a low quality fiber source (NRC, 1996) that contain little usable energy for the
animal. Additionally, when crop residues are included in highly fermentable starch grain
feedlot diets, there is a potential for a negative associative effect, further decreasing fiber
digestibility. Negative associative effects occur when the fermentable starch from grains
decrease ruminal pH, causing a shift in ruminal microorganism populations away from
fiber digesting bacteria, which in turn results in decreased fiber digestibility of the crop
residues. This is important because, intake of low quality roughages may be limited by
fiber digestion and ruminal disappearance (Mertens, 1973), which would result in
decreased ADG. There are several strategies that exist that may solve the problem of poor
digestibility of low quality roughages in feedlot cattle diets. This thesis will focus on 2
potential strategies: 1) physical or chemical treatment of the crop residue, and 2)
improving the ruminal environment for increased fiber digestion using complementary
feeds or pH control.
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1.2
1.2.1

Treatment of Low Quality Roughage
Barriers to Digestion
A roughage is considered low quality when the structural carbohydrate lignin is

abundant and poses a significant barrier for animal digestion of other plant structural
carbohydrates such as cellulose and hemicellulose. Therefore, alterations to lignin
content or lignin binding to structural carbohydrates are needed to enhance the
digestibility of low quality roughages. This is not a new problem and the industry has
tried different strategies throughout history. To understand the mechanism whereby
physical and chemical treatments increase the digestibility and value of feedstuffs, an
understanding of plant structure is needed. Components of plant feedstuffs can be broken
down into two major categories: cell contents and cell wall contents. The cell contents
include protein, fats, and non-structural carbohydrates such as sugar, starch and pectins.
These cell contents are surrounded by a plasma membrane that is encapsulated by a cell
wall. The cell wall consists of structural carbohydrates such as hemi-cellulose and
cellulose, as well as the structural polymer lignin. These three components of the cell
wall can be described as two major fiber fractions: neutral detergent fiber (NDF)
containing hemi-cellulose, cellulose and lignin; and acid detergent fiber (ADF)
containing only cellulose and lignin (Van Soest, 1994). In general, NDF values can be
used to predict intake because the fiber provides rumen fill. As plants mature, NDF
values increase, signifying an increase in structural carbohydrates. Likewise, as plants
mature, ADF also increases, due to an increase in the lignin and cellulose components of
the feedstuff, indicating a decrease in total digestible nutrients.
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Lignin is a polymer of phenolic compounds well known to inhibit digestibility of
feedstuffs due to its physical and chemical properties, and because it is chemically and
physically crosslinked with other plant components such as cellulose and hemicellulose
to form carbohydrate complexes (Pérez et al., 2002; Baurhoo et al., 2008; Wang et al.,
2009). Consequently, increasing lignin content of plants results in the physical protection
of cellulose and hemicellulose from microbial attack in the rumen (Chesson, 1986). In
addition, phenolic compounds, including the lignin of corn stover, have been
demonstrated to be effective antimicrobial agents in many natural sources (Dong et al.,
2011). As a result of this antimicrobial activity, the phenol-carbohydrate complexes are
avoided by rumen microbes and they will selectively adhere to cell walls with a lower
phenolic content, also resulting in lower digestibility for roughages with higher ADF
fractions (Akin et al., 1974; Akin, 1979).
Lignin-protein interactions may also be responsible for some indigestibility of the
cell wall carbohydrates. Phenolic polymers of lignin can associate with nitrogenous
compounds, such as proteins, while still forming lignin-carbohydrate complexes with
structural carbohydrates of the plant cell wall (Lomax et al., 1984; Ford, 1986).
Consequently, digestibility of potential protein sources for the ruminant are inhibited due
to the association with phenolic compounds and lignin-carbohydrate complexes.
Although there is a clear correlation between lignin content and digestibility, the amount
of lignin does not necessarily determine the digestibility of structural carbohydrates.
Digestibility is determined by the extent of bonding between the phenolic compounds of
lignin and the structural carbohydrates of the cell wall (Chesson, 1986). Methods to
improve digestibility of low quality roughages have focused on breaking these alkaline
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soluble bonds between lignin and the structural carbohydrates of the plant. These bonds
can be broken by physically breaking them or solubilizing them in an alkaline solution.
1.2.2

Physical Treatments
Numerous physical treatments have been applied to roughages, including crop

residues, in an attempt to increase digestibility. Laredo and Minson (1975) demonstrated
that grinding of a feedstuff decreases particle size while increasing surface area and bulk
density of leaf and stem portions of roughages. Osbourn et al. (1976) showed that
decreasing the particle size of ground roughages will increase intake, reaching maximal
intake when the particle size is less than 1 mm. In addition, pelleting of ground feeds can
further increase bulk density. The combination of grinding and pelleting feed has been
shown to increase feed intake and gain, as well as feed efficiency; though numerous
works have shown that supplemental N is needed to increase voluntary intake of ground
and pelleted crop residues and other low quality roughages (Campling and Freer, 1966;
Weston, 1967). Although grinding and pelleting of roughages can increase intake, it has
been shown to decrease gastrointestinal tract residence time (Minson, 1963; Alwash and
Thomas, 1974) resulting in reduced fiber digestibility per unit of material compared to
the native form of the material (Beardsley, 1964). Further, grinding can decrease ruminal
pH due to reduced eating and ruminating times (Weston and Hogan, 1967; Osuji et al.,
1975), resulting in decreased saliva production (Osuji et al., 1975; Thomson and Beever,
1980) and decreased ruminal buffering capacity (Moore, 1964). Consequently, grinding
and pelleting of roughages and/or crop residues does not increase the degradation of
structural carbohydrates in ruminants (Berger et al., 1994). Alternatively, mechanical
separation of plant parts has been shown to increase feeding value of crop residues. The
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in vitro dry matter digestibility (IVDMD) of the husk and leaf fractions of corn stover
have been shown to be greater than that of the native stover where the stalks of corn
stover showed a decreased IVDMD compared to intact stover (Leask and Daynard,
1973). Furthermore, feeding value has been shown in several studies to be greater for
ruminants in the leaf fractions of plant material when compared to the stems of the plant
material (Mowat et al., 1965; Laredo and Minson, 1973). However, several steps in the
mechanical separation process can be expensive, so limited use of mechanically separated
plant parts have been utilized in animal production (Berger et al., 1994). Steam has also
been used to increase the utilization of crop residues by ruminants. Klopfenstein et al.
(1974), demonstrated improvement in gains in dairy cattle and feed efficiency of lambs
when steam treated corn cobs replaced native cobs. The mechanism behind steam
treatment was outlined by Bender et al. (1970), in which steam pressure disrupts the
physical structure of the cell, causing steam to be hydrolytic in its mode of action.
1.2.3

Chemical Treatments
Chemical treatments are currently drawing much attention in an attempt to

increase digestibility and utilization of crop residues and other alternative feedstuffs by
cattle. Chemical treatments of feedstuffs can be done on-farm and require less
specialized equipment than mechanical processing, thereby reducing costs associated
with feed preparation. Chemical treatment of feedstuffs can be separated into two major
categories: oxidative and hydrolytic agents (Berger et al., 1994). Oxidative agents work
to degrade cell wall lignin (Chang and Allan, 1971), whereas hydrolytic agents induce
hydrolysis of lignin-carbohydrate bonds resulting in partial solubilization of
hemicellulose, cellulose, and lignin (Berger et al., 1994).
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Oxidative agents such as hydrogen peroxide (H2O2), ozone and sulfur dioxide
(SO2) have been shown to cleave glyosidic linkages of polysaccharides that compose the
cell wall, resulting in the solubilization of the cell wall carbohydrates (Miron and BenGhedalia, 1982; Nevell, 1985). Chandra and Jackson (1971) utilized ground corn cobs
treated with multiple levels of H2O2 and observed an increase in in situ DM
disappearance. Chlorine compounds have also been shown to increase IVDMD, but
decreases voluntary intake of treated feedstuffs (Yu et al., 1975; Ford et al., 1987). BenGhedalia and Shefet (1983) observed greater availability of cell wall polysaccharides to
rumen microbes when ozone treatment was applied before feeding in sheep. Further,
sulfur dioxide was shown to solubilize a portion of plant lignin and all hemicellulose in
treated wheat straw through the disruption of lignin-hemicellulose bonds (Ben‐Ghedalia
and Miron, 1981). Though there are improvements of highly lignified feedstuffs through
the oxidative treatments, the feasibility and expense of these treatments have discouraged
application in a production setting.
Hydrolytic treatments of feedstuffs offer a more cost effective method of handling
highly lignified feedstuffs for use in ruminant rations, and have drawn more attention in
the viability of production utilization. The bonds between lignin and structural
carbohydrates are alkaline soluble, thus alkaline treatments can partially break these
bonds and increase microbial fermentation (Jung and Deetz, 1993), allowing lower
quality fiber sources to exhibit increased digestibility. Ammoniation and urea treatments
have been observed to increase the intake of crop residues, such as corn stover (Morris
and Mowat, 1980). Ammoniation in particular is a cost effective hydrolytic treatment
because ammonia is a common agricultural product that is inexpensive and easily applied
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to covered roughages as a gas. Oliveros et al. (1993) demonstrated that chemically
treating corn stover with urea or ammonia increased the intake and digestibility of
organic matter, fiber digestibility and rate of passage through the gastrointestinal tract of
fistulated steers. Subsequently, treatment with ammonia or urea also increased the extent
of cell wall digestion of the corn stover, but fiber digestion was not affected.
Hemicellulose and lignin contents have been shown to decrease more with the addition of
ammonia to corn stover compared to the addition of urea (Kiangi et al., 1981; Oliveros et
al., 1993). Further, treatment of crop residues with ammonia has been shown to have a
greater digestibility potential, even without an increase in the rate of fiber digestion
(Dryden and Kempton, 1983; Zorrilla-Rios et al., 1985; Brown et al., 1987). Utilizing
ammonia and urea as hydrolytic treatments of highly lignified crop residues is beneficial
as it provides a crude protein source, which may be beneficial in management scenarios
where a protein supplement such as distillers grains (DG) or soybean meal is not feasible
to supplement. However, hydrolytic treatments that do not add protein are currently
popular because of the availability of inexpensive protein sources such as DG. Further,
increases in digestibility of crop residues treated via ammoniation are not as great as
those observed with alkaline treatment of crop residues (Berger et al., 1994).
Alkaline substances have an extensive history as a means of improving the
digestibility of poor quality forage sources like corn stover (Kamstra et al., 1958; Rounds
and Klopfenstein, 1974; Shreck et al., 2012) and will increase the energy availability
from this feedstuff (Russell et al., 2011). Consequently, research has been conducted to
increase the digestibility of crop residues by treating them with alkaline compounds.
Chemically treating cereal straws with sodium hydroxide (Jackson, 1977; Wrathall et al.,
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1989), urea (Verma, 1983; Wrathall et al., 1989), ammonia (Dryden and Leng, 1986), or
calcium hydroxide (Saadullah et al., 1982; Verma, 1983; Zaman and Owen, 1990;
Oliveros et al., 1993) have been shown to increase nutritive value of these feeds. Alkaline
treatments result in partial solubilization of the bonds that link hemicellulose and lignin
(Berger et al., 1994). Further, alkali treatment disrupts hydrogen bonding within
cellulose molecules (Berger et al., 1994). Disruption of hydrogen bonds in cellulose
molecules results in swelling of the cellulose, making it more susceptible to microbial
attack and degradation (Berger et al., 1994). Thus, lignin-carbohydrate complexes can be
broken with the addition of alkali, leading to increased attachment of bacteria to
structural carbohydrates released (Latham et al., 1979). Therefore, in feedstuffs like corn
stover, hemicellulose would be freed from the phenolic compounds being heavily
associated with this structural carbohydrate (Fry, 1982). Additionally, the alkali
concentration utilized may be sufficient enough to degrade the lignin itself (Sarkanen,
1981). This degradation of lignin has the potential to increase its water solubility,
allowing it to be removed from the cell wall (Chesson, 1988). Time and temperature
combination are most important for adequate lignin solubility, where lower temperatures
require longer treatment time. Gregg and Saddler (1996) demonstrated that alkaline pretreatments can cause lignin to solubilize, increasing susceptibility of structural
carbohydrates to fermentation (Chaudhry, 1998) which results in increased digestibility.
Alkaline treatment of crop residues with sodium hydroxide (NaOH) has been
highly explored. Treating crop residues with NaOH has been shown to increase in vitro
digestibility to a much greater extent than in vivo digestibility (Acock et al., 1979; Berger
et al., 1980), which can be attributed to a greater rate of particulate passage, decreased
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ruminal retention time, and lowered fiber digestion (Berger et al., 1980). Latham et al.
(1979) showed that NaOH treatment of corn stover increased sites available on fiber for
cellulolytic bacteria attachment resulting in decreased lag time for bacterial attachment,
which could account for increased passage times for chemically treated crop residues
(Varga, 1987). However, a shorter ruminal retention time results in less opportunity for
bacterial digestion and could result in poorer digestibility of a feedstuff.
While many alkaline substances like NaOH are expensive and can be hazardous
to handle, there is still potential for other, less hazardous, alkaline substances such as
calcium oxide (quicklime, CaO) and calcium hydroxide (slaked lime, Ca(OH)2). Calcium
oxide and Ca(OH)2 are cyclically related through the lime cycle. Quicklime (CaO) can
be formed with extreme heat and the removal of carbon dioxide from limestone (CaCO3).
Quicklime can then form slaked lime (Ca(OH)2) when water is absorbed and heat is
released. Slaked lime can then react with carbon dioxide and release water, once again
forming limestone. The availability of limestone and its cyclic activity allows lime
products to be offered at relatively inexpensive prices for use in the animal industry. As
an example, limestone is used as a cost effective calcium supplement in many feedlot
diets. Thus, much of the industry’s focus on alkalizing agents is currently placed on
calcium hydroxide and calcium oxide.
Calcium hydroxide treatment has been shown to nearly double the amount of dry
matter digested in African millet, Indian millet and tobacco stalks (Gandi et al., 1997).
Nagwani (1992) determined that to effectively treat agricultural residues with calcium
hydroxide, sufficient water is needed to distribute the Ca(OH)2 to the biomass. However,
it was found that adding water at a rate above 9 ml water/ 100 g biomass is not beneficial,
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nor is adding calcium hydroxide at a rate above 10g Ca(OH)2/100 g biomass. Calcium
oxide treated straw has been shown to increase organic matter (OM) digestibility, neutral
detergent fiber (NDF) digestibility, and acid detergent fiber (ADF) digestibility
(Chaudhry, 1998). Calcium hydroxide was shown to increase in vitro OM digestibility
(IVOMD) and intake in lambs (Petersen et al., 1981). Accordingly, treating corn stover
with 5% CaO on DM basis or 7% Ca(OH)2 on DM basis and ensiling increased NDF and
total DM digestibility (Euken and Dahlke, 2014). Russell et al. (2011) determined that
treating corn stover with 5% CaO on a DM basis before packing into a silo bag and
storing it for 95 d, increased digestibility of the corn stover. Thus, allowing pre-treated
corn stover to serve as a cost-effective replacement for corn when fed at up to 20% of the
diet DM along with modified wet distillers grains. However, CaO poses a risk to
combustion that is not present with Ca(OH)2. Consequently, utilization of Ca(OH)2 to
treat feedstuffs may be preferentially beneficial. Euken and Dahlke (2014) showed that
treating stover with Ca(OH)2 at 7% and ensiling decreased NDF levels and increased
NDF digestibility in vitro to a greater extent than treating and ensiling stover that was
25%, 37.5%, and 50% moisture with CaO at 5%. Therefore, it seems that Ca(OH)2
provides increased nutrient availability and potentially offers greater digestibility benefits
in the animal than treating with CaO and ensiling, while removing the potential for
combustion encountered with CaO.

1.3
1.3.1

Complementary Feeds to Improve Roughage Digestibility
Associative Effects
If crop residues are fed with other digestible fiber sources a positive associative

effect may be noted due to the presence of fiber degrading bacteria in the rumen.
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Nutritionally, associative effects occur when different feedstuffs are fed in combination
with one another and result in additive (positive associative) or deleterious (negative
associative) effects (Van Soest, 1994). Each feedstuff will impact the microflora of the
rumen, altering microbial populations to enhance the digestibility of a given feedstuff.
Positive associative effects occur when feedstuffs fed together enhance the digestibility
of each feedstuff due to similar microflora needed for digestion. Negative associative
effects occur when one feedstuff alters the microbial population of the rumen in such a
way that digestibility of another feedstuff in the ration is hindered due to a shift in the
microbial population. By-products from the grain milling industry, such as DG and
soybean hulls (SBH) are highly digestible fibrous feeds that are high in energy content
and could potentially match well with stover, creating a positive associative effect in the
rumen that maximizes fiber digestibility and growth performance.
1.3.2

Distillers Grains
Ethanol production has resulted in an increase in dry milling byproducts from

fermentation of cereal grain starch to ethanol. Distillers grains are the non-starch residues
left after the ethanol has been removed from the grain. Much of the liquid is removed
from DG, concentrated, and the concentrated soluble material (solubles) is generally
added back to the DG. The product, distillers grains with solubles (DGS) can be marketed
wet (30% DM), modified (55% DM), or dry (90% DM). To understand the composition
of the fiber and protein supplied in DGS, it is important to understand the structure of the
original source of the nutrients. The corn kernel is composed of three main sections: the
bran, endosperm and germ. The bran, or hull of the kernel, is the outer covering that is
high in fiber. The endosperm layer accounts for most of the volume of the kernel and is
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rich in protein and starch. Finally, the germ contains the embryo of the corn kernel and is
rich in fats (OSHA, 2015). Approximately two thirds of the corn kernel is composed of
starch which is removed during ethanol fermentation, leaving behind the other one third
of the kernel (Erickson et al., 2005). Consequently, nutrients in DGS products are
approximately three times more concentrated than that of corn (Lemenager et al., 2006).
Crude protein ranged from 8.5 to 9.9 percent DM for corn, and 28 to 32 percent for
DDGS; crude fiber ranged from 1.5 to 3.3 percent for corn and 5 to 14 percent for DGS;
fat ranged from 3.5 to 4.7 percent for corn and 3 to 12 percent for DGS, depending on
how much soluble fraction was added back. Further, 60 to 70 percent of the protein in
DGS is considered to be rumen undegradable protein (RUP; Erickson et al., 2005) that
can escape rumen degradation and be absorbed by the animal. Tjardes (2002) showed
that DGS contains 39 to 45 percent NDF, suggesting the corn hull that is retained in DGS
is high in hemicellulose. Moreover, DGS has been shown to have a fat content between
10.9 and 12.6% and is primarily composed of unsaturated fatty acids with linoleic and
oleic being the most prominent (Díaz-Royón et al., 2012). Consequently, DGS is high in
crude protein, RUP, fat, and neutral detergent fiber (NRC, 2000) and the ruminant animal
derives energy equally from these components.
Because DGS is a high fiber feed and corrects many deficiencies (e.g. protein)
that exist in crop residues, there is a potential for DGS to match well with corn stover in
diets to create a positive associative effect in the rumen and increase the digestibility of
the stover and decrease ration cost. Lardy (2007) demonstrated that feeding corn stover
with a high protein feed may decrease dependence on corn in feedlot rations. Feeding a
protein source, such as DGS, supplies ruminal microbes with nitrogen and allows for
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increased growth of the bacterial population. An increase in ruminal microbes gives rise
to the potential for increased fiber fermentation, digestion and rate of passage. When a
protein source is combined with a low quality forage, e.g. corn stover, the increased
capacity for fiber utilization can stimulate the animal to increase intake of the lower
quality forage. Therefore, a positive associative effect can be noticed due to more energy
and nutrients entering the rumen and increased ruminal digestibility due to a larger fiber
fermenting bacterial population (Olson, 2015).
1.3.3

Soybean Hulls
Another alternative feedstuff, soybean hulls (SBH), has been investigated as a

fiber source that has potential to be paired with stover and/or DGS. Soybean hulls are a
by-product of the soybean oil industry, and consists primarily of the outer covering of the
soybean. Soybean hulls are considered a non-forage fiber source that are high in NDF
(74%), contain moderate protein (9 to 11%), and based on NRC (1996) values, supply
approximately 87% of the energy value of corn. However, energy content of SBH varies
significantly depending on the composition of the remainder of the diet. In starch-based
feedlot diets, SBH provided only 74% of the energy content of corn (Ludden et al.,
1995). Ferreira et al. (2011) concluded that replacing ground corn with SBH in diets of
finishing lambs resulted in a linear increase in DMI, but a linear decrease in feed
efficiency as SBH inclusion in the ration increased. Additionally, when lard was fed in
combination with SBH as a replacement for corn, decreased ADG, increased DMI, and
consequently decreased feed efficiency resulted for steers fed a concentrate diet (Ludden
et al., 1995). Moreover, when SBH replaced corn in conjunction with added fat in a
concentrate diet for wethers, DMI and NDF intake linearly increased while the
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digestibility of DM linearly decreased with greater SBH inclusion levels (Ludden et al.,
1995). However, in fiber-based diets, SBH provided energy that was comparable to corn
(Hibberd et al., 1987; Anderson et al., 1988) or up to 119% that of corn (Bittner, 2012).
As such, SBH have historically been a popular ingredient in fiber-based feedlot growing
rations, and SBH are removed when cattle are transitioned to a high starch diet that can
produce greater gains. High corn diets are more energy dense and produce greater gains
in feedlot cattle, however, high corn prices become cost prohibitive and producers begin
searching for alternative feeds. Matching fiber sources in feedlot diets has the potential to
produce similar gains in feedlot cattle compared to high corn diets.
Digestibility of low quality forages has been demonstrated to increase with
dietary SBH inclusion compared to corn utilization (Highfill et al., 1987; Galloway et al.,
1993; Fieser and Vanzant, 2004). Additionally, Orr et al. (2008) determined that fiber
digestibility and ruminal N utilization could be improved when a portion of corn is
replaced with SBH as supplements for steers fed bermudagrass hay. No differences in
total DMI were noted, but hay DMI tended to decrease for steers supplemented with
SBH. However, steers supplemented with SBH, or a mixture of corn and SBH, showed
higher apparent NDF, ADF, and hemicellulose digestibilites compared to steers
supplemented with only corn. However, ammonia N was increased in steers
supplemented with SBH (Orr et al., 2008). Similarly, Mueller et al. (2011) determined
that in oat silage-based diets, SBH could be an effective replacement for corn in the diets
of newly received feedlot calves. Average daily gain was similar between calves fed
corn and calves fed SBH. However, when the experiment was performed on separate sets
of calves in 2 different years, steers in the first year displayed a higher DMI when fed
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SBH as opposed to corn, but this difference was not present in steers in the second year.
Average daily gain and feed efficiency were similar across years, but steers fed high fiber
did exhibit higher DMI across years due to the increased DMI in year one for steers fed
SBH (Mueller et al., 2011).
When fed in combination with DG, SBH appears to have a greater energy value
than corn and produces gains similar to, or greater than, corn-based diets (Bittner, 2012).
Soybean hulls have been effectively paired with dry DGS to replace a portion of corn in
lactating dairy cow diets (Ranathunga et al., 2010). Ranathunga et al. (2010) reported that
as non-forage fiber in the diet of lactating dairy cows increased, DMI decreased and there
was a tendency to increase feed efficiency with no impact on milk production or
composition. Huls et al. (2006) concluded that DDGS was an effective replacement for a
portion of corn and soybean meal (SBM) in a lamb finishing diet with SBH as the only
fiber source, because average daily gain, feed efficiency and carcass characteristics did
not differ between diets. Further, no incidence of acidosis was noted (Huls et al., 2006),
likely due to the low concentration of dry DGS in the diet (10.2% DM inclusion).
Bittner et al. (2013a) determined that as inclusion level of SBH increased as a
replacement for dry rolled corn in conjunction with modified DGS in a finishing steer
diet, ADG, feed efficiency, and carcass yield grade linearly decreased. In a second paper,
Bittner et al. (2013b) concluded that feeding SBH as a replacement for corn at 12.5% in
steer finishing diets containing 40% wet DGS was optimal for improved ADG, feed
efficiency and HCW. Thus, performance of cattle fed diets containing dried DGS, SBH,
and corn stover have the potential to match performance of cattle fed a typical
Midwestern diet containing corn and corn silage.
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1.4
1.4.1

Ruminal pH Control to Improve Fiber Digestibility
Potential Issues with Distillers Grains
One major drawback of including DGS in combination with low quality roughage

in diets is that DGS can potentially inhibit fiber digestion because it produces a low
ruminal pH, despite the absence of starch (Felix and Loerch, 2011). Low ruminal pH is
likely due to the addition of sulfuric acid (H2SO4) to control the pH of the ethanol
fermentation process, which remains in the DGS feedstuff (McAloon et al., 2000; Felix et
al., 2012). In fact, DGS often has a pH of less than 4, which can decrease ruminal pH to
below 5.0 (Felix and Loerch, 2011). A ruminal pH below 6.0 will inhibit the ability of
cellulolytic bacterial attachment to feed particles (Mould and Ørskov, 1983) and inhibits
their growth, leading to a decrease in the total ruminal cellulase concentration (Hoover,
1986). Consequently, DGS inclusion in feedlot rations may need to be limited. In terms
of combining stover with DGS, a decreased ruminal pH will also negatively impact the
digestibility of the stover. In addition, because increased sulfur is being added to the
rumen due to the presence of sulfuric acid in DGS, sulfur toxicity could result. Elevated
dietary sulfur concentrations increase the risk of polioencephalomalacia (PEM),
decreases performance, and lowers quality grade (Ham et al., 1994; Gould et al., 2002;
Reinhardt et al., 2007). The risk of PEM stems from sulfate reducing microbes in the
rumen converting sulfate to hydrogen sulfide (H2S) gas (Lewis, 1954). The production of
H2S is more favorable in acidic conditions due to large amounts of hydrogen available to
combine with an increased amount of dietary and/or microbial sulfur (Kandylis, 1984).
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1.4.2

Controlling Ruminal pH
There are several ways a ruminant animal can control an acidic ruminal

environment. First, the process of ingesting feed, regurgitation, re-chewing, and
swallowing again (rumination) allows the ruminant to introduce saliva into the rumen
environment. Salvia contains bicarbonate and phosphate molecules which act as buffers
to control ruminal pH (Owens et al., 1998). Secondly, feed itself can act as a buffer in
the rumen. Large amounts of effective fiber can add volume to ruminal contents,
dispersing hydrogen ions over a greater space, increasing ruminal pH (Mertens, 1997).
Lastly, added alkalis or buffers can ameliorate ruminal acidity and also increase fiber
digestibility in the rumen (Klopfenstein, 1978).
Saliva is an important mechanism for removing the hydrogen ions present in an
acidic rumen environment (Owens et al., 1998), and added dietary forage can stimulate
salivary secretion (Cassida and Stokes, 1986). Consequently, added dietary forage could
work to increase ruminal pH in high DGS rations by increasing the amount of saliva
present in the rumen, thereby increasing buffering activity in the rumen. Felix and
Loerch (2011) showed that replacing a portion of dietary corn with alfalfa haylage in
feedlot rations with high amounts of DGS enhanced salivary flow, increased minimum
ruminal pH, which resulted in greater fiber digestibility, enhanced feedlot performance
and improved carcass characteristics. However, addition of bulky roughages to feedlot
diets are unlikely because of increased labor associated with handling, the need for large
storage facilities, and possible reductions in animal growth that are likely to occur. Since
most feedlot diets are high concentrate diets with minimal amounts of roughage, the feed
itself is unlikely to serve as a meaningful buffer because concentrate diets do not increase
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rumen fill as significantly as diets with large amounts of roughage. Furthermore, the
smaller particle size of feedlot diets typically reduces the amount of time the animal
spends ruminating, consequently, saliva introduction into the rumen is limited. Thus, the
best mechanism to ameliorate an acidic ruminal pH in cattle fed a high grain feedlot diet,
without replacing corn, would be to add an alkali or buffer into the diet.
Alkalizing agents and buffers added to the diet of ruminant animals both work to
control pH of the rumen. However, their modes of action differ to some degree.
Alkalizing agents chemically react and bind the free hydrogen ions in the rumen,
increasing ruminal pH (Shaver et al., 1988). Examples of alkalizing agents would be
CaO, Ca(OH)2, sodium hydroxide (NaOH), and magnesium oxide (MgO). These
compounds are often referred to as buffers, but are not actually considered to be true
buffers. True buffers are chemical compounds that work to prevent pH changes (Shaver
et al., 1988), e.g. they do not increase ruminal pH. Therefore, buffers work to maintain a
constant pH and can bind and release hydrogen ions to do so. Some well-known buffers
are potassium carbonate (K2CO3), potassium bicarbonate (KHCO3), sodium carbonate
(Na2CO3), sodium bicarbonate (NaHCO3), limestone, sesquicarbonate (trona), and
bentonite (aluminum silica).
1.4.2.1 Buffering Compounds
Hall and Thomas (1984) conducted an in vitro trial to compare the efficacy of dicalcium
phosphate (CaHPO4), tetrasodium pyrophosphate (Na4P2O7), limestone (CaCO3) and
sodium bicarbonate (NaHCO3). Both sodium bicarbonate and tetrasodium phosphate
increased in vitro pH compared to no added buffering compounds. In addition, starch
and cellulose digestion, as well as total VFA production, were increased with the addition
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of NaHCO3 or Na4P2O7 when compared to the in vitro incubation with no added
buffering compound (Hall and Thomas, 1984). Both limestone and dicalcium phosphate
addition to an in vitro incubation did not impact pH, VFA production, or digestion
parameters. Therefore, Hall and Thomas (1984) concluded from in vitro results that the
water soluble buffers (sodium bicarbonate and tetrasodium pyrophosphate) would be
more effective than the calcium-based buffering compounds at maintaining higher
ruminal pH values in vitro. The effectiveness of NaHCO3 as a dietary buffer is well
documented, but the buffering potential of calcium carbonate is limited due to the
insolubility of calcium in water (Hall and Thomas, 1984).
Haaland and Tyrrell (1982) showed that dietary inclusion of limestone at 2.5%,
sodium bicarbonate at 2%, or 1.25% limestone + 1.25% NaHCO3 inclusion increased the
pH of the digestive tract compared to no added buffer in a cracked corn and corn silage
based diet. In addition, buffer inclusion in concentrate rations tended to increase the
liquid rate of disappearance from the rumen, which could impact feed intake and the
extent of nutrient digestion (Haaland and Tyrrell, 1982). Consequently, in a diet with a
higher proportion of roughages, passage rate of digesta could potentially be increased,
resulting in increased feed intake, and, consequently, increased grain intake, digestion,
and nutrient absorption. Therefore, inclusion of buffering compounds could increase
gain as a consequence of an increased rate of passage. Further, increased liquid passage
rate in high roughage diets could move the digesta from the rumen to the small intestine,
allowing for more efficient utilization and absorption of nutrients due to the elimination
of microbial access (Haaland and Tyrrell, 1982). However, supplementation of cornbased rations with NaHCO3, limestone or a combination of NaHCO3 and limestone
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tended to result in poorer gains than steers not supplemented with any form of buffer,
which could be attributed to decreased DMI with dietary buffer inclusion (Russell et al.,
1980). Stroud et al. (1985) noted an increase in total tract DM, NDF, starch and N
digestion with the addition of 1% NaHCO3 and dehydrated alfalfa pellets to a cracked
corn based diet, but noted no differences in ADG, DMI or feed efficiency among steers.
Zinn and Borques (1993) stated that there was no effect of NaHCO3 addition on nutrient
digestion, providing some uncertainty on the effectiveness of this buffer. In contrast,
NaHCO3 addition to a steam-flaked corn and sorghum based rations has been
demonstrated to increase total tract ADF digestion and DMI, with a tendency to increase
ADG (Zinn, 1991).
In growing calves, NaHCO3 has been shown to increase animal performance at
the beginning stages of feeding. Peirce et al. (1983) showed that when abruptly
transitioning steers to a high concentrate diet, NaHCO3 and MgO could be beneficial.
Sodium bicarbonate addition to the diet improved DMI of steers while MgO improved
digestive efficiency and aided in ruminal adaptation to a high concentrate diet in the first
2 weeks after a rapid removal of roughage (Peirce et al., 1983). Supplementation of
NaHCO3 at 1.2% of DMI resulted in an increased ADG for heifers for the first 28 d of
supplementation compared to heifers not fed buffered rations, indicating that NaHCO3
may be most beneficial at the beginning of a feeding period (Worley et al., 1986).
In dairy cattle, naturally occurring sodium sesquicarbonate ore (trona) has been
shown to be just as effective at buffering ruminal pH as NaHCO3 when added to rations
(Coppock et al., 1986). Boerner et al. (1987a) concluded that CaCO3 did not buffer
ruminal fluid due to insolubility, however, trona was more soluble in ruminal fluid than
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NaHCO3, offering more buffering potential. When fed a 90% concentrate diet with a
cracked corn base, dietary inclusion of either NaHCO3 or trona increased ruminal pH
compared to no dietary buffer addition. However, in a 50% concentrate diet, dietary
inclusion of trona increased ruminal pH to a greater extent compared to NaHCO3 or no
buffer inclusion (Boerner et al., 1987a). Increased functional activity of trona compared
to NaHCO3 in a higher roughage diet indicates more buffering potential and is likely
linked to the greater solubility of trona compared to NaHCO3. Further, inclusion of either
trona or NaHCO3 in a 90% concentrate diet increased ruminal propionate concentrations
compared to no added buffer, while butyrate concentration decreased with trona addition
(Boerner et al., 1987a). Digestibility of 90% concentrate diets was improved at lower pH
values, while digestibility of a 50% concentrate diet was increased at higher pH values
and was enhanced by the addition of either sodium bicarbonate or trona (Boerner et al.,
1987b). This is likely due to the relationship between pH and fiber degradation, with
optimal fiber degradation occurring at a pH around 6.0. Thus, buffering compounds
would aid in maintaining a higher pH for optimal fiber degradation.
Calcium magnesium carbonate (CaMg(CO3)2) has also been investigated as a
means of buffering digestive tract pH. Crawford et al. (2008) showed that inclusion of
CaMg(CO3)2 at either 0.75% or 1.5% to a steam-flaked corn based ration had no effect on
ADG, DMI, feed efficiency or total water intake. Further, dietary inclusion of
CaMg(CO3)2 did not affect ruminal pH compared to a 0% inclusion level, while
increasing dietary roughage increased ruminal pH (Crawford et al., 2008). Consequently,
CaMg(CO3)2 can be used as a replacement for magnesium oxide (MgO) or limestone for
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magnesium and calcium sources, respectively, but CaMg(CO3)2 lacks ruminal pH
buffering capabilities that can be provided by higher levels of dietary roughage.
Potassium has the most profound effect on blood and urine pH (Constable et al.,
2009). Potassium is the third most abundant mineral in the body, is the major
intracellular electrolyte, and animals have the greatest requirement for K out of all
mineral cations (NRC, 2001). In addition, K plays an important role in osmolarity and
blood flow, is involved in carbohydrate and protein metabolism, and is central to nerve
transmission, muscle contraction, and maintenance of normal cardiac and renal function,
(NRC, 2001). Because of the benefits K provides to the animal, K2CO3 and KHCO3 have
been dietary buffers of choice for dairy cattle (Harrison et al., 2011). Herod et al. (1978)
found that K2CO3 was a stronger buffer than KHCO3 or NaHCO3. Additionally, dairy
cows offered a ration containing K2CO3 had greater feed intake than cows fed rations
containing KHCO3 or NaHCO3 (West et al., 1986). West et al. (1987a) demonstrated that
performance of dairy cattle fed K2CO3 was comparable of that to cows fed NaHCO3,
resulting in similar milk yields, milk compositions, dry matter intake, apparent
digestibility, and ruminal pH (West et al., 1987a). However, cattle fed high concentrate
diets with 1.85% K2CO3 exhibited greater acetate concentrations, lower propionate
concentrations and a lower A:P compared to cattle fed 1.25% potassium carbonate or
1.5% sodium bicarbonate (West et al., 1987a). Emery and Brown (1961) stated that the
addition of Na2CO3 or K2CO3 to high concentrate dairy cattle diets increased ruminal pH
and prevented decreases in milk fat percentages that traditionally occur with high
concentrate diets. Similarly, Harrison et al. (2012) showed that early lactation dairy
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cattle supplemented with excess K in the form of potassium carbonate sesquihydrate had
greater DMI, milk fat percentage, milk yield, and feed conversion efficiency.
Jenkins et al. (2014) reported a greater ruminal pH and a greater acetate to
propionate ratio with K2CO3 addition to continuous cultures of mixed ruminal bacteria.
Fraley et al. (2015) noted a linear intake in water consumption with increasing amounts
of K2CO3 in diets of lactating dairy cattle. Additionally, ruminal fractional liquid passage
rate increased with greater amounts of K2CO3 supplied in the diet, which, combined with
increased water intake, leads to an increased ruminal turnover rate (Fraley et al., 2015).
Ruminal pH was also shown to increase with greater dietary supplementation of K2CO3,
in addition to increasing acetate and decreasing propionate concentrations (Fraley et al.,
2015). As mentioned earlier, increasing ruminal pH has potential to increase ruminal
fiber fermentation. Furthermore, primary end products of ruminal fiber fermentation are
acetate and butyrate (Van Soest, 1994). Consequently, since Fraley et al. (2015) fed a
high fiber diet containing corn silage and alfalfa haylage, it is possible that increases in
ruminal acetate concentrations with increasing amounts of K2CO3 could be indicative of
increased ruminal fiber fermentation, which may have been caused by an increase in
ruminal pH. However, Jenkins et al. (2014) compared the addition of K2CO3 vs NaOH to
a continuous culture of mixed ruminal bacteria, and noted that pH values were the same,
but only K2CO3 increased acetate:propionate. Consequently, it is possible that something
other than pH control could be the cause of increased acetate concentrations and Jenkins
et al. (2014) suggested that supplementation of excess K resulted in a shift of the ruminal
microbial population, altering the VFA profile. In comparison, West et al. (1987b)
determined that 0.5% K2CO3 provided a greater ruminal pH than 1.5% supplementation
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and acetate concentrations increased at 0.5% K2CO3 supplementation, compared to 0 or
1.5% supplementation in high grain diets of lactating dairy cattle. However,
supplementation of K2CO3 at 0.5% decreased overall apparent DM digestibility and had
no effect on NDF or ADF digestibilites (West et al., 1987b).
1.4.2.2 Alkalizing Agents
Though much research has been done with pre-treating feedstuffs with an alkali,
little research has been conducted where an alkali has been added directly into the ration
without pre-treating the forage. Pre-treating low quality forages with an alkali is time
consuming and labor intensive. Adding buffers or alkalizers directly to the diet or to the
DGS would decrease the cost and time associated with pre-treating and utilizing difficult
to digest fibrous feedstuffs, like corn stover. The greatest benefit of adding alkalizing
compounds directly to the ration would be the potential to manipulate ruminal pH,
increasing it closer to a pH of 6.0 and thus allowing more optimal activity of fibrolytic
bacteria to degrade the feedstuff. Adding an alkalizing agent directly to the diet may also
provide a short period where the alkaline soluble bonds in lignin-carbohydrate complexes
of corn stover could potentially be broken.
Felix et al. (2012) showed that 2% NaOH treatment of dried distillers grains with
solubles (DDGS) increased mean ruminal pH in 25% and 60% DDGS rations, as well as
increased ruminal degradation of NDF due to a deceased acid load of the ration.
Schroeder et al. (2014a) observed that treatment of DDGS with 1.2% CaO increased diet
and ruminal pH at 3 h post feeding and increased cellulase activity at some time points,
although in situ fiber disappearance was not altered. Nonetheless, Schroeder et al.
(2014b) noted that treatment of DGS with 1.2% CaO on a DM basis decreased DMI
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while exhibiting no effect on ADG compared to steers not fed treated DGS, leading to an
increased feed efficiency. Reductions in DMI caused by CaO observed by Schroeder et
al. (2014b) appear to be a result of decreased meal sizes from 0 to 3 h post feeding
without an increase in meal frequency. Morrow et al. (2013) showed that treating DDGS
with 2% NaOH in rations of feedlot lambs neutralized the acidity in the DDGS and
tended to increase ADG and DMI, but reduced the digestibility of the NDF fraction.
Loerch et al. (1983) observed that treating high moisture corn with 3% NaOH did not
decrease ruminal pH nor did it increase degradation of soybean meal in dairy cow diets
compared to not treating high moisture corn with NaOH.
Nunez et al. (2014) demonstrated that steers fed 60% DDGS rations experienced a
linear decrease in DMI with increasing dietary CaO inclusion up to 2.4% of the diet DM.
A quadratic response was noted for ADG, where ADG for steers increased from 0 to
0.8% CaO inclusion then decreased from 1.6 to 2.4% CaO. Additionally, feed efficiency
linearly increased as CaO inclusion increased. Dressing percentage increased in steers
fed 1.6% CaO compared to steers fed 0% CaO, however dressing percentage decreased
when steers were supplemented with 2.4% CaO (Nunez et al., 2014). Total volatile fatty
acid concentrations, including concentrations of acetate and butyrate were shown to
increase linearly at 0, 3, 6, and 12 h post feeding with increasing levels of CaO inclusion,
while propionate concentration exhibited a quadratic response at 3 h post feeding when
concentrations increased from 0 to 1.6% inclusion and decreased from 1.6 to 2.4% CaO
inclusion (Nunez et al., 2014). Nunez et al. (2014) attributed these responses to CaO to
the stabilization of ruminal pH, rather than an overall increase in pH. Ruminal pH
decreased immediately after feeding and was most rapid in steers fed 0% CaO, which
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indicates that a pH decline post-feeding was associated with the increased acid load of
DDGS in the ration (Nunez et al., 2014). However, addition of 1.6 or 2.0% CaO to the
ration delayed the decline of ruminal pH post-feeding (Nunez et al., 2014). Nonetheless,
ruminal pH remained relatively high for all treatments at all time points (pH above 5.97).
Boukila et al. (1995) similarly reported that feeding Ca(OH)2 or magnesium hydroxide
(Mg(OH)2) in a barley based feedlot lamb ration slowed the post-feeding pH decline in
the rumen. As a result, Ca(OH)2 supplementation increased apparent DM digestibility
while Mg(OH)2 supplementation increased DMI (Boukila et al., 1995). In contrast,
Duckworth et al. (2014) reported that although pre-treating stover with CaO or feeding
CaO as a 1% DM dietary supplement with stover in a corn and 40% DGS based diets
increased DM and ADF digestibilites, but decreased DMI, final BW, HCW and back fat
thickness when compared to corn stover with no form of CaO addition.
1.4.2.3 Simultaneous Use of an Alkali and Buffer
Dietary addition of an alkali and buffer simultaneously may be more impactful at
controlling ruminal pH and increasing fiber digestibility. Aside from the potential of the
added alkali and buffer to work independently from one another, using their individual
mechanism to each impact ruminal pH, there is a potential for a synergisitic reaction
between the added compounds. Simultaneous dietary addition of Ca(OH)2 and K2CO3,
may result in the production of a stronger alkali, KOH. Addition of this alkali and buffer
together may potentially take advantage of one method of producing KOH. Addition of
calcium hydroxide to a heated solution of potassium carbonate results in the formation of
solid calcium carbonate, leaving the alkali KOH suspended in solution (Mellor, 1914).
The reaction would be: Ca(OH)2 + K2CO3 --> 2KOH + CaCO3. Fulton et al. (1979)

28
noted positive performance effects when KOH with equal parts NaOH was supplied to
the rumen of cannulated steers. Addition of KOH and NaOH together increased feed
intake and ruminal pH of steers fed wheat-based, high concentrate diets (Fulton et al.,
1979).

1.5

Conclusion
Availability of low quality crop residues like corn stover will undoubtedly increase

in the future, providing ruminant livestock producers with an opportunity to utilize a
readily available forage source. However, barriers to its limited digestibility must be
overcome. Increasing dietary forage to increase saliva production and to create a positive
associative effect on ruminal fermentation is unlikely because of the significant negative
impact that it would have on growth of the feedlot animal. Adding a highly digestible,
non-forage fiber to the diet to improve crop residue digestibility seems to be a promising
avenue. However, the fact that DDGS increases the acidity of a ration, due to sulfuric
acid added in the ethanol fermentation practice (McAloon et al., 2000), will be
problematic and may limit digestibility and animal performance. Use of other
complementary fiber products in addition to pH control have the potential to create a
positive associative effect that optimizes the fiber digesting bacterial community as well
as provide the best pH for maximal fiber digestion. Such a ruminal environment using
relatively large amounts of stover as the base forage has the potential to create gains in
feedlot animals that rival traditional 90% concentrate diets. Soybean hulls have promise
as a complementary fiber source; alkaline compounds, such as CaO and Ca(OH)2, have
promise as alkaline pH control agents; and K2CO3 has been demonstrated to be the most
effective buffer.
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While it is well accepted that alkali treatment of forages enhances the digestibility
of low quality roughages (Klopfenstein, 1978), relatively little work has been done to
investigate alkali addition as a way to control ruminal pH, and no work has been done to
investigate the effectiveness of alkali treatments in conjunction with different fiber
sources. Further, addition of CaO to rations with lower DGS inclusion and higher corn
inclusion, in conjunction with non-forage fiber, may mitigate the negative associative
effect. Moreover, the effects of many buffers and alkalis on feedlot performance have
been studied individually, with little current research focused on combination treatments.
Combining an alkali and buffer together may produce a stronger alkaline compound that
would have greater benefits on ruminal pH for optimal fiber degradation. Therefore,
identification of the best alkali or buffer is needed. In addition, combining an alkali and
buffer may enhance the supplementation’s impact on ruminal pH control, enhance fiber
digestibility, and create a positive associative effect when crop residues are fed in
conjunction with DGS.
The hypothesis of this thesis is that addition of an alkali, buffer, and/or non-forage
fiber such as SBH to DDGS-based feedlot rations will increase ruminal pH and result in
increased nutrient digestibility of crop residues such as corn stover. Therefore, the
objective of this thesis was to evaluate the effects of alkalizers, buffers, and SBH addition
to feedlot rations containing high fiber crop residues and DDGS on steer performance,
nutrient digestibility, and carcass characteristics.
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EFFECTS OF STOVERCAL (CALCIUM
HYDROXIDE) AND ADDED ROUGHAGE ON PERFORMANCE
AND CARCASS CHARACTERISTICS OF FEEDLOT STEERS
FED DIETS CONTAINING 60% DDGSS

2.1

Abstract
The acidic nature of dried distillers grains with solubles (DDGS) is a key

determinant in depressing DM digestibility in ruminants and consequently plays a
primary role in decreased DMI and ADG when DDGS concentrations exceed 30% of the
diet DM. The ability of alkali treatments, including calcium hydroxide (StoverCal;
Ca(OH)2) to increase ruminal pH and enhance fiber digestibility of low quality roughages
has been recognized for decades. Additional dietary forage also raises ruminal pH
because of increased salivary buffering with the potential to increase fiber digestibility
and performance. Thus, 3 experiments were conducted to determine the effectiveness of
StoverCal and/or roughage on diet digestibility, performance and carcass characteristics
of steers fed 60% DDGS. Statistical analyses for studies were conducted using the
MIXED procedures of SAS. In experiment 1, 48 steers (353.5 ± 7.55 kg) were allotted to
individual pens and fed 1 of 3 diets (DM basis) containing 60% DDGS, 20% corn silage,
and 4% vitamin/mineral supplement with: 1) 14.5% corn and 1.5% limestone, 2) 14%
corn and 2% StoverCal, or 3) 14.5% additional corn silage and 1.5% limestone. Steers
fed StoverCal consumed the least (P = 0.03), while steers fed added corn silage
consumed the most and had the lowest gain:feed (P = 0.02). Dressing percent was
increased for steers fed StoverCal (P = 0.01). Gain and other carcass characteristics were
not affected by treatment (P ≥ 0.48). In experiment 2, 112 steers (375.3 ± 19.25 kg) were
allotted to group pens (4 pens/treatment; 7 steers/pen) in a 2x2 factorial and fed 1 of 4
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diets (DM basis) containing 60% DDGS, 17% corn silage, and 4% vitamin/mineral
supplement with: 1) 17.5% corn silage and 1.5% limestone, 2) 17% corn silage and 2%
StoverCal, 3) 17.25% corn stover and 1.5% limestone, or 4) 17% corn stover and 2%
StoverCal. Added stover decreased ADG compared to added corn silage (P = 0.04).
StoverCal increased ADG when steers were fed stover, but not when steers were fed
additional corn silage (P = 0.05; interaction). Neither forage source or StoverCal affected
DMI, gain:feed, or carcass characteristics (P ≥ 0.10). In experiment three, 6 steers (initial
BW = 352 ± 14.8 kg) were randomly allotted to diets 1 and 2 from experiment 1 and diets
1-4 from experiment 2 in a 2×3 factorial arrangement of treatments. The study was a 6×6
Latin square design (21-d periods) to determine the effects of StoverCal on ruminal pH,
VFA, and nutrient digestibility in corn, corn silage, and stover-based diets. Added corn
stover decreased total VFA production and DM digestibility compared to added corn
silage or corn (P < 0.01), while added StoverCal resulted in greater total VFA
concentrations and DM digestibility (P ≤ 0.02). In conclusion, added forage does not
improve performance of cattle fed 60% DDGS. StoverCal appears to decrease intake, but
maintain performance when added to 60% DDGS, 34% corn silage diets, and increases
ADG when added to 60% DDGS diets where corn stover replaces a portion of the corn
silage.

2.2

Introduction
Dietary inclusion of high levels of distillers grains can increase the acid load of the

rumen post-feeding (Felix and Loerch, 2011) due to the sulfuric acid used in production
of DGS (McAloon et al., 2000). A decreased ruminal pH inhibits the ability of
cellulolytic bacteria to attach to feed particles (Mould and Ørskov, 1983) and impede
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their growth, resulting in a decreased ruminal cellulase concentration (Hoover, 1986).
Consequently, it is necessary to mitigate the effect of a higher acid load on fiber
digestibility.
Saliva is an important mechanism for removing the hydrogen ions present in an
acidic rumen environment (Owens et al., 1998), and added dietary forage can stimulate
salivary excretion (Cassida and Stokes, 1986). Additionally, feed components
themselves can alleviate ruminal acidity by displacement of hydrogen ions in the rumen
from increased rumen fill (Mertens, 1997). Consequently, added dietary forage could
work to increase ruminal pH and buffering capacity in high DDGS rations by increasing
the amount of saliva present in the rumen and increasing ruminal fill. Felix and Loerch
(2011) reported that replacing a portion of dietary corn with alfalfa haylage in feedlot
rations with 60% DDGS enhanced salivary flow, increased minimum ruminal pH, and
resulted in greater fiber digestibility, enhanced feedlot performance, and improved
carcass characteristics.
Alkali addition has also resulted in increased ruminal pH, leading to increased fiber
digestibility. Felix et al. (2012a) observed that pre-treating DDGS with 2% NaOH
increased ruminal pH and NDF degradation in feedlot rations containing 25% and 60%
DDGS. Further, adding an alkali directly to rations has also resulted in increased ruminal
pH. Nunez et al. (2014) demonstrated an increase in ruminal pH when CaO was added to
60% DDGS diets of feedlot steers, while Boukila et al. (1995) reported a similar pH
increase when Ca(OH)2 or Mg(OH)2 was added to barley based rations of feedlot lambs.
Furthermore, increases in ruminal pH from dietary alkali addition increased fiber
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digestibility and feedlot performance (Duckworth et al., 2014; Nunez et al., 2014;
Schroeder et al., 2014b).
There is potential for the high fiber, bulky forage sources to act as a ruminal buffer
to mitigate the acidity of DGS and improve overall diet digestibility. Further, addition of
a dietary alkali could increase effects on ruminal pH and feedlot performance. Therefore,
we hypothesized that the addition of StoverCal (Ca(OH)2) and/or additional roughage to a
60% DDGS feedlot ration would improve ruminal fiber digestibility and allow for
optimal growth of feedlot cattle. Consequently, three experiments were conducted to
examine the effects of StoverCal and/or additional roughage in feedlot diets on steer
performance, carcass quality, and digestibility.

2.3

Materials and Methods
Research protocols involving the utilization of animals followed guidelines set

forth in the Guide for the Care and Use of Agricultural Animals in Agricultural Research
and Teaching (FASS, 2010) and were approved by the Purdue Animal Care and Use
Committee (PACUC).
2.3.1

Experiment 1

2.3.1.1 Animals and Diets
Forty-eight Angus x Simmental feedlot steers (average initial BW = 353.5 ± 7.55
kg) were used at the Animal Sciences Research and Education Center (ASREC) of
Purdue University to determine the effect of 2% calcium hydroxide (StoverCal; Ca(OH)2)
addition or added forage (corn silage) on steer performance and carcass characteristics.
Steers were weighed and allotted to one of three treatments (16 steers/treatment) by BW,
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breed composition and sire. All diets contained 60% DDGS, 17% corn silage and a 4%
vitamin and mineral supplement and the remaining portion for treatments consisted of: 1)
14.5% corn, 3% additional corn silage and 1.5% limestone (corn with 0% StoverCal), 2)
14% corn, 3% additional corn silage and 2% StoverCal (corn with 2% StoverCal), or 3)
17.5% additional corn silage and 1.5% limestone (silage with 0% StoverCal). Diets are
provided in Table 2.1 and were formulated to meet or exceed NRC (1996) requirements
for protein, vitamins and minerals of growing beef cattle. Calcium hydroxide
(StoverCal®) was provided courtesy of Mississippi Lime (St. Louis, MO). Steers were
fed in individual pens located in a curtain- sided, slatted floor finishing barn. Pens were
1.8 x 0.9 m and provided 30 cm of bunk space per animal. Total mixed rations were
delivered once daily at 0800 h and steers were allowed ad libitum access to feed and
water. Daily feed delivery was adjusted using the South Dakota State University 4-point
bunk scoring system (Pritchard, 1993) to allow for ad libitum access to feed and water
with minimal accumulation of unconsumed feed. Feed delivery was recorded daily for
each pen and feed refusals were weighed, recorded and discarded daily. Feed samples
were taken every other week and dried in a forced air oven at 60°C for 48 h. Dried feed
samples were ground using a standard Wiley laboratory mill (1-mm screen; Arthur H.
Thomas, Philadelphia, PA), and composited at the end of the experiment for analysis of
CP (micro-Kjeldahl N x 6.25), NDF and ADF using an Ankom200 Fiber Analyzer
(ANKOM Technology Corporation, Fairport, NY), ether extract (method 920.39; AOAC,
1990), and minerals (Ca, P, Mg, K, S; method 968.08; AOAC, 1990). As-fed
formulations were adjusted for DM content accordingly every other week.

48
Steers were vaccinated against bovine rhinotracheitis, bovine viral diarrhea,
parainfluenza-3, and bovine respiratory syncytial virus (Bovi-Shield GOLD® FP® 5;
Zoetis Animal Health, Florham Park, NJ), against Haemophilus somnus, Pasturella, and
Clostridia (Vision-7® Somnus; Merck Animal Health, Summit, NJ), and treated with an
anthelmintic (Valbazen®; Zoetis Animal Health) for internal and external parasites at
weaning and at the initiation of the study. Steers were implanted with Component TE-S®
(4 mg estradiol and 20 mg trenbolone acetate; provided courtesy of Elanco, Greenfield,
IN) at feedlot entry.
2.3.1.2 Growth Performance and Carcass Characteristics Measurements
Steers were weighed on two consecutive days at the onset and finalization of the
study for determination of initial and final BW. During the experiment, steers were
weighted monthly prior to feeding to monitor ADG. . Scales (Tru-Test XR3000; Mineral
Wells, TX) weighed to the nearest 0.9 kg (< 453.6 kg) or 2.3 kg (> 453.6 kg) and were
checked for accuracy at each weigh date. Average daily gain was determined by the
difference between final and initial BW divided by the number of days on feed. Dry
matter intake was recorded and used to calculate gain:feed by dividing ADG by DMI.
Feedlot performance of the steers was calculated for d 0 to 84 (period 1), d 85 to
slaughter (period 2), and d 0 to slaughter (overall). Animals were slaughtered at a
commercial packing facility (Tyson Foods, Joslin, IL) when they achieved a target BW of
approximately 630 kg. Hot carcass weight and dressing percentage were determined
after slaughter and prior to chilling. After carcasses were chilled for 24 h, the following
measurements were obtained by qualified university personnel: subcutaneous fat
thickness taken between the 12th and 13th ribs, LM area obtained by direct grid reading
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of the LM between the 12th and 13th ribs, internal fat (kidney, pelvic, and heart
fat; %KPH) as a percentage of hot carcass weight, marbling score, and USDA quality and
yield grades (USDA, 1997).
2.3.1.3 Statistical Analysis
Data were analyzed as a randomized complete block design utilizing the mixed
procedure of SAS (Version 9.3, SAS Inst. Inc., Cary, NC) with pen considered the
experimental unit. Random effects of pen and the fixed effect of treatment, day, as well
as the treatment x day interaction were included in the model. Performance was analyzed
as repeated measures by comparing four covariance structures for each variable
(compound symmetric, autoregressive order one, heterogeneous autoregressive order one,
and unstructured). The covariance that yielded the lowest Bayesian Information Criterion
was utilized for presented results. The least squares means (LSMEANS) statement was
used for the calculation of the means for each treatment. Statistical significance was
determined when P ≤ 0.05 and tendencies were discussed when 0.05 < P ≤ 0.10.
2.3.2

Experiment 2

2.3.2.1 Animals and Diets
One hundred and twelve Angus x Simmental steers (average initial BW = 375.1 ±
19.1 kg) were obtained from Feldun-Purdue Agriculture Center and transported 290 km
to Purdue University ASREC to determine the effects of StoverCal addition and stover
addition on feedlot performance and carcass characteristics of steers fed a 60% DDGS
diet. Steers were weighed and allotted by BW, breed composition, and sire to one of four
treatments arranged as a 2 x 2 factorial design. All diets contained 60% DDGS, 17% corn
silage and 4% vitamin/mineral supplement with the remaining portion for treatments
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consisting of: 1) 17.5% additional corn silage and 1.5% limestone (silage with 0%
StoverCal), 2) 17% additional corn silage and 2% StoverCal (silage with 2% StoverCal),
3) 17.25% corn stover and 1.5% limestone (stover with 0% StoverCal), or 4) 17% corn
stover and 2% StoverCal (stover with 2% StoverCal). Corn stover was harvested at
approximately 80% DM after corn harvest. Corn stover was chopped in a windrow and
then harvested using a silage chopper equipped with a flail header and stored in an airtight silage bag (Up North, Cottage Grove, MN) until the initiation of the experiment.
Steers were allotted to 16 pens (7 steers/pen, 4 pens/treatment, 28 steers/treatment)
located in a curtain-sided, slatted-floor finishing barn. Pen dimensions were 6.1 x 3.4 m
and provided 48 cm of bunk space per animal. Diets, shown in Table 2.1, were
formulated to meet or exceed NRC (1996) requirements for protein, vitamins and
minerals of growing beef cattle. Calcium hydroxide (StoverCal®) was provided courtesy
of Mississippi Lime (St. Louis, MO). Feed delivery, bunk management, diet sampling,
and vaccination protocol were the same as those used in experiment 1. Steer BW, average
daily gain, dry matter intake, and gain:feed were determined as in experiment 1 and was
calculated for d 0 to 65 (period 1), d 66 to slaughter (period 2), and d 0 to slaughter
(overall). Animals were slaughtered at a commercial packing facility (Tyson Foods,
Joslin, IL) when they achieved a target BW of approximately 630 kg and carcass
characteristics were determined as in experiment 1.
2.3.2.2 Statistical Analysis
Data were analyzed as a randomized complete block design utilizing the mixed
procedure of SAS (Version 9.3, SAS Inst. Inc., Cary, NC) with pen considered the
experimental unit. Random effects of pen and the fixed effects of stover inclusion,
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StoverCal addition, day, and the interactions of stover inclusion and StoverCal addition,
stover inclusion and day, StoverCal addition and day, and stover inclusion, StoverCal
addition and day were included in the model. Performance was analyzed as repeated
measures by comparing four covariance structures for each variable (compound
symmetric, autoregressive order one, heterogeneous autoregressive order one, and
unstructured). The covariance that yielded the lowest Bayesian Information Criterion
was utilized for presented results. The least squares means (LSMEANS) statement was
used for the calculation of the means for each treatment. Statistical significance was
determined when P ≤ 0.05 and tendencies were discussed when 0.05 < P ≤ 0.10.
2.3.3

Experiment 3

2.3.3.1 Animals and Diets
Six ruminally cannulated Angus x Simmental steers (average initial BW = 352 ±
14.8 kg) were used at the Purdue University ASREC for the determination of the effects
of StoverCal inclusion and forage inclusion on ruminal pH, VFA production, apparent
digestibility, and nitrogen balance. Steers were fistulated approximately 4 months prior
to the start of the study. Steers were previously adapted to a 60% DDGS finishing diet
and then allotted to a 6 x 6 Latin square design balanced for carry over effects, such that
each experimental diet followed a different diet for each respective period. All dietary
treatments contained 60% DDGS and varied in forage content and StoverCal inclusion
(Table 2.1). Six dietary treatments were used, containing 60% DDGS, 17% corn silage,
and 4% vitamin/mineral supplement with: 1) 14.5% corn, 3% additional corn silage and
1.5% limestone (corn with 0% StoverCal), 2) 14% corn, 3% additional corn silage and
2% StoverCal (corn with 2% StoverCal), 3) 17.5% additional corn silage and 1.5%
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limestone (silage with 0% StoverCal), 4) 17% additional corn silage with 2% StoverCal
(silage with 2% StoverCal), 5) 0.25% additional corn silage, 17.25% corn stover, and
1.5% limestone (stover with 0% StoverCal), or 6) 17% corn stover, and 2% StoverCal
(stover with 2% StoverCal). The experimental periods were 21 d composed of a 16 d
adaptation to the respective diet and 5 d of sampling.
Steers were housed individually in 3.0 x 9.1 m pens in a 3-sided barn with
concrete floors covered with wood chips under roof and outside access for the first 14 d
of each period. On d 15, steers were moved into a climate controlled room with
temperatures maintained between 17°C and 21°C and continuous lighting. Steers were
individually housed in 1.0 x 2.0 m tie stalls equipped with rubber mats. The individual
tie stalls were designed for total urine and fecal collections. Each respective ration was
mixed individually and delivered once daily at 0800 h and steers were allowed ad libitum
access to feed and water. Feed delivery, bunk management, diet sampling, and
vaccination protocol were the same as those used in experiments 1 and 2. Organic matter
was calculated as the difference between DM and ash contents (AOAC, 2000).
2.3.3.2 Sampling
Rumen contents were collected via the rumen cannula at 0, 1.5, 3, 6, 9, 12, 18, 24,
36, 48, 72, 84 and 96 h of each respective sampling period and were strained through 2
layers of cheese cloth to collect rumen fluid. Rumen fluid pH was immediately measured
and recorded using a pH meter (VWR® sympHony® SB70P benchtop pH meter with
glass combination pH electrode, VWR International, LLC, Batavia, IL). Rumen fluid was
then stored in a 50 ml conical tube at -20°C for later analysis of VFA concentrations.
Volatile fatty acid content of the rumen fluid was determined using a gas chromatograph
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equipped with a flame ionization detector (Model 7890A; Agilent Technologies, Santa
Clara, CA) after butylation according to Salanitro and Muirhead (1975).
Total daily fecal output was collected in metal pans built into the floor at the tail
end of the tie stall and determined every 24 h for d 17-21. A sub-sample of total feces
was collected each day and stored for later analysis of DM, CP, NDF, ADF and ash
content as well as digestibility determination. Feces were analyzed for DM, CP, NDF,
and ADF as described previously in experiments 1 and 2, and for OM which was
calculated as the difference between DM and ash content (AOAC, 2000).
Total daily urine production was also collected into metal pans built into the floor
in the middle of the tie stall during the 24 h periods on d 17-21 of each respective
period. . The metal collection pans were sloped to one side where there was an output
hole, allowing urine to flow into a plastic collection container below. One hundred ml of
a 3 N HCl solution was added to the plastic collection bins prior to urinary collection to
acidify the urine and avoid N volatilization. A sub-sample of total urine was stored in a
50 ml conical tube at -20° until analysis. Urine samples were analyzed for total N (block
digestion followed by steam distillation, and ammonia N (steam distillation) using a
Kjeltec 2300 micro-Kjeldahl Analyzer Unit (Foss Tecator, AB, Foss North America).
Urinary urea output was calculated as the difference between total N output and ammonia
N output. Prior to feeding and acidification of urine, fresh urine was collected and used to
determine urine pH using a pH meter.
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2.3.3.3 Statistical Analysis
Data were analyzed as a 6 x 6 Latin square design utilizing the MIXED procedure
of SAS (Version 9.3, SAS Inst. Inc., Cary, NC) with steer within period considered the
experimental unit. Repeated measures were used to analyze rumen pH and VFA
concentrations and the model included the random effects of steer and period and fixed
effects of the time of collection, StoverCal inclusion, forage amount, and the interactions
between time of collection and StoverCal inclusion, the between time of collection and
forage amount, and the between time of collection, forage amount and StoverCal
inclusion. Four covariance structures were tested for each variable (compound
symmetric, autoregressive order one, heterogeneous autoregressive order one, and
unstructured) and the covariance structure that yielded the lowest Bayesian information
criterion was used for the presented results. The LSMEANS statement was used for the
calculation of adjusted means for StoverCal inclusion. Differences were considered
statistically significant when P ≤ 0.05 and tendencies were discussed when 0.05 < P ≤
0.10.

2.4
2.4.1

Results
Experiment 1
Performance data for experiment 1 are summarized in Table 2.2. Body weight and

average daily gain of steers did not differ among treatments throughout the study (P ≥
0.35). Days on feed for steers did not differ among treatments (P = 0.24). Dry matter
intake tended to be lowest for steers fed corn with 2% StoverCal during period 1 (P =
0.09) and was greatest for steers fed silage with 0% StoverCal during period 2 (P = 0.01).
As a result, overall DMI was greatest for steers fed silage with 0% StoverCal and lowest
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for steers fed corn with 2% StoverCal (P = 0.03). Steers fed corn with 0% StoverCal had
an intermediate overall DMI that did not differ from steers fed corn with 2% StoverCal or
from steers fed silage with 0% Ca(OH)2. Gain:feed of steers did not differ among
treatments for period 1 (P = 0.17). However, period 2 gain:feed was lowest for steers fed
silage with 0% StoverCal (P = 0.02), resulting in overall gain:feed to also be lowest for
steers fed silage with 0% StoverCal (P = 0.02).
Carcass characteristics for experiment 1 are presented in Table 2.3. Hot carcass
weight, fat thickness, LM area, % KPH, yield grade, marbling score and quality grade of
steers did not differ among treatments (P ≥ 0.50). Dressing percentage was greatest for
steers fed corn with 2% StoverCal (P = 0.01).
2.4.2

Experiment 2
Performance data for experiment 2 are presented in Table 2.4. No differences in

steer BW were detected for stover or StoverCal inclusion and the two variables did not
interact for body weight throughout the study (P ≥ 0.64). Stover inclusion decreased (P =
0.04) and StoverCal addition increased (P = 0.02) average daily gain in period 1. In
addition, an interaction (P = 0.01) for average daily gain occurred in period 1 where
StoverCal addition improved gain by 19.4% in steers fed stover, but did not affect gain in
cattle not fed stover. Inclusion of stover tended to decrease ADG in period 2 (P = 0.08).
Overall ADG was not influenced by StoverCal addition (P = 0.15) but was greater for
steers not fed stover compared to steers fed stover (P = 0.05). An interaction (P = 0.05)
for overall average daily gain occurred where StoverCal addition improved gain by 9.3%
in steers fed stover, but did not affect gain in cattle not fed stover. No differences were
detected for days on feed among treatments (P ≥ 0.45). No differences were detected for
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DMI throughout the study (P ≥ 0.23) for StoverCal addition or stover inclusion.
Gain:feed was increased for steers fed StoverCal during period 1 (P = 0.05), but was not
affected by stover inclusion (P = 0.19). No differences were noted in period 2 gain:feed
measures (P ≥ 0.30) for StoverCal addition or stover inclusion. Overall gain:feed was
greatest for steers not fed stover (P = 0.01) and was not affected by StoverCal addition (P
= 0.17).
Data for carcass characteristics of steers from experiment 2 are shown in Table
2.5. No differences were detected for stover inclusion, StoverCal addition, nor was there
an interaction between the two for hot carcass weight, dressing percentage, fat thickness,
LM area, % KPH, yield grade, or marbling score (P ≥ 0.15). A tendency (P = 0.10) for a
higher percentage of animals grading Choice average was observed when 2% StoverCal
was added to the diet; however, no other differences were detected for quality grade
distribution (P ≥ 0.33).
2.4.3

Experiment 3
Ruminal pH values for experiment 3 are presented in Figure 2.1. When corn

stover served as a forage source, ruminal pH was increased at 0, 9, 12, and 18 h postfeeding (P ≤ 0.04) and tended to be increased at 6 h (P = 0.08). StoverCal (Figure 2.2)
addition tended to decrease ruminal pH (P = 0.06) at 18 h, but had no effect at any other
time point (P ≥ 0.29). An interaction between forage source and StoverCal addition was
detected at 12 and 18 h post feeding (P ≤ 0.01). At 12 h post-feeding, StoverCal addition
to rations with stover decreased ruminal pH, but had no impact in corn and silage diets.
At 18 h, StoverCal addition to silage and stover diets decreased ruminal pH, but had no
effect in corn diets.
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Ruminal volatile fatty acid data for experiment 3 were pooled among time points
and are summarized in Table 2.6. Total ruminal VFA concentrations (mM) were greatest
for steers fed corn silage, intermediate for steers fed corn, and least for steers fed corn
stover (P < 0.0001). Total VFA concentrations were also greater for steers fed rations
with added calcium hydroxide (P < 0.0001). However, no interaction between fiber
source and StoverCal addition were detected for total VFA concentrations, or any other
VFA parameters (P ≥ 0.12). Ruminal concentrations of formate were not affected by
forage source (P = 0.44) or StoverCal addition (P = 0.86). Acetate concentrations were
greater in steers fed rations with added StoverCal (P < 0.001), but were not affected by
forage source (P = 0.14). Propionate concentrations were greatest for steers fed corn
silage, intermediate for steers fed corn and least for steers fed corn stover (P < 0.01), but
propionate concentrations were not affected by dietary StoverCal addition (P = 0.32).
Consequently, acetate:propionate was greater for steers consuming corn stover than for
steers fed corn or corn silage (P < 0.01), and was greater with StoverCal addition (P =
0.01). Additionally, A:P demonstrated a fiber x time interaction (P < 0.01) where steers
fed corn stover displayed a greater A:P than steers fed corn or corn silage at 0 and 18 h
post-feeding. Butyrate concentrations were lower for steers consuming corn stover than
steers consuming corn or corn silage (P = 0.05), and butyrate concentrations were
increased with StoverCal addition (P < 0.001). Further, a fiber x time interaction was
detected for butyrate concentrations (P < 0.01) where steers consuming corn stover had
lower butyrate concentrations at 0 and 18 h post-feeding and tended to have lower
butyrate concentrations at 12 h than steers fed corn or corn silage. Valerate and
isovalerate concentrations did not differ among forage sources or StoverCal addition (P ≥
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0.36). However valerate concentrations tended to display a fiber x time interaction (P =
0.08) where steers fed corn stover had lower valerate concentrations than steers fed corn
or corn silage at 6 h post-feeding. Additionally, isovlaerate concentrations tended to
exhibit a fiber x alkali x time interaction (P = 0.07) where StoverCal addition to diets
containing corn or corn stover increased steer ruminal isovalerate concentrations at 3h
post-feeding and addition of StoverCal to diets containing corn silage decreased ruminal
isovalerate concentrations at 3 h.
Intake and digestibility data for experiment 3 are summarized in Table 2.7. Intake
of DM and OM did not differ among treatments (P ≥ 0.13). Intake of CP tended to be
greatest for steers consuming corn silage, intermediate for steers consuming corn, and
lowest for steers consuming corn stover (P = 0.08). Neutral detergent fiber intake was
lowest for steers consuming corn (P < 0.01). Intake of ADF was greatest for steers
consuming corn stover, intermediate for steers consuming corn silage, and lowest for
steers consuming corn (P < 0.001). Alkali did not impact DM, OM, CP, NDF, or ADF
intake and a forage x alkali interaction was not detected for intake parameters (P ≥ 0.55).
An interaction between forage source and StoverCal inclusion was not detected
for apparent digestibility of DM, OM, CP, NDF, or ADF (P ≥ 0.74). Apparent DM and
OM digestibility were greatest for steers fed corn, intermediate for steers fed corn silage,
and lowest for steers fed corn stover (P < 0.01) and were increased for steers fed
StoverCal compared to steers not fed StoverCal (P ≤ 0.02). Apparent digestibility of CP
and NDF tended to be greatest for steers fed corn, intermediate for steers fed corn silage,
and lowest for steers fed corn stover (P ≤ 0.07) while apparent digestibility of ADF did
not differ among steers fed different forage sources (P = 0.17). Apparent digestibility of
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NDF and ADF increased (P < 0.01) and apparent digestibility of CP tended to increase (P
= 0.09) with supplementation of StoverCal.
Nitrogen balance data are presented in Table 2.8. Nitrogen intake tended to be
greatest for steers consuming corn silage, intermediate for steers consuming corn, and
lowest for steers consuming corn stover (P = 0.08). Nitrogen excretion did not differ
among steers due to forage source or StoverCal inclusion and there was not an interaction
between forage source and StoverCal inclusion (P ≥ 0.51). Fecal DM excretion tended to
be greatest for steers fed corn stover, intermediate for steers fed corn silage, and lowest
for steers fed corn (P = 0.08). Total fecal nitrogen excretion did not differ among steers
for forage source, or StoverCal inclusion, and there was not interaction between forage
source and StoverCal inclusion (P ≥ 0.28). However, total fecal nitrogen excreted as a
percent of total nitrogen excreted (feces + urine) tended to be greatest for steers fed corn
stover, intermediate for steers fed corn silage, and lowest for steers fed corn (P = 0.10),
and was decreased by StoverCal inclusion (P = 0.04). Volume of urine excreted, weight
of total nitrogen excreted in urine, and ammonia and urea N in urine did not differ among
steers for forage source or StoverCal inclusion, nor was there an interaction between
forage source and StoverCal inclusion (P ≥ 0.28). Steers fed corn had greater urinary
total nitrogen excretion as a percent of total nitrogen excreted by the animal (feces +
urine), while steers fed corn silage had an intermediate percentage, and steers fed corn
stover the lowest percentage (P = 0.10). StoverCal inclusion increased the percent of N
excreted in urine (P = 0.04). Urine pH was not impacted by forage source, but was
increased when StoverCal was supplemented (P < 0.01).
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2.5

Discussion
Although there were no differences in ADG in experiment 1, steers consuming corn

silage had a greater DMI than steers fed corn with added StoverCal, leading to a
decreased gain:feed for steers consuming corn silage. However, in experiement 2 added
stover decreased ADG and gain:feed, but did not impact DMI. As anticipated, NDF and
ADF intake was greater in experiment 3 for steers fed rations with corn silage or corn
stover than for steers fed corn, which can be attributed to the inherent content of the
feedstuffs. The fact that added corn silage or stover decreased DM, OM and NDF
digestibility is in contrast to Felix and Loerch (2011) who demonstrated that addition of
alfalfa haylage to a 60% DDGS resulted in an increased DM digestibility, DMI, and
ADG, but a poorer gain:feed. Similarly, Benton et al. (2015) reported that feeding 4 or
8% alfalfa hay or an NDF equivalent amount of corn silage, or corn stover in rations
containing 30% wet DGS resulted in increased DMI and ADG, but gain:feed did not
differ compared to a basal diet without roughage. Further, roughage source did not
impact performance and no differences were detected for DM or OM digestibility
between alfalfa hay and corn stover, but NDF digestibility was greater for alfalfa hay
(Benton et al., 2015). In contrast, Gorocica-Buenfil and Loerch (2005) observed no
differences in apparent digestibility of DM, OM or NDF, but a tendency for greater ADF
digestibility and lower gain:feed when corn silage was included in corn-based feedlot
rations at 18.2% compared 5.2% of the diet DM. Bartle et al. (1994) reported that
increasing the dietary roughage up to 30% in feedlot rations decreased ADG and
gain:feed. Additionally, Burken et al. (2017a) demonstrated that increasing corn silage
from 15 to 55% in corn based diets containing 40% modified DGS linearly decreased
DMI, ADG and gain:feed of steers and that increasing corn silage inclusion to 45% in
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diets containing 20% modified DGS decreased ADG and gain:feed (Burken et al.,
2017b). Increasing NDF content in high forage diets will decrease DMI due to increased
ruminal fill. However, in high concentrate diets ruminal fill does not limit intake due to
the utilization of energy dense feedstuffs like corn or DDGS. Adding forage to high
concentrate diets will however increase ruminal passage rate and lead to increased intake,
decreased digestibility, and poorer gain:feed if ADG does not increase with forage
addition.
Steers consuming diets containing corn stover in the present study also tended to
exhibit lower digestibility of crude protein which is consistent with the shifts in N
excretion that were seen. Though nitrogen excretion did not differ among treatments,
there was a tendency for steers fed corn stover to have greater fecal N excretion as a
percent of total nitrogen excretion and a lower urinary N excretion as a percentage of
total N when compared to corn. This difference is likely related to the greater
digestibility of crude protein for corn and corn silage when compared to corn stover,
meaning less undigested N was excreted in the feces and more of it was metabolized and
excreted as urinary N for steers not consuming corn stover. Burken et al. (2017a)
demonstrated that increasing maturity of whole corn plants used for silage decreased total
digestible nutrient availability for feedlot steers. Similarly, Bal et al. (1997) observed
that crude protein digestibility in dairy cows decreased as corn silage maturity increased.
However, Benton et al. (2015) reported no differences in crude digestibility between
alfalfa hay and corn stover for steers fed diets containing 30% wet DGS.
Total VFA concentrations were lower for steers fed corn stover and were most
likely caused by lower butyrate and propionate concentrations for steers consuming corn
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stover. Decreased concentrations of butyrate and propionate with corn stover inclusion
also suggests that the digestibility of corn stover was limited and may also be linked to
differences in ruminal pH. Zinn et al. (1994) observed that increasing dietary forage
(alfalfa hay and sundangrass hay) from 10 to 20% increased acetate and decreased
propionate concentrations. In contrast, Sutton et al. (2003) reported that decreasing
roughage in diets of dairy cows more than doubled the concentration of ruminal
propionate, but did not affect acetate or butyrate concentrations.
Ruminal pH can be controlled by the introduction of buffering compounds via
saliva to the rumen through the process of ingesting feed and rumination (Owens et al.,
1998). Additionally, feed components themselves can alleviate ruminal acidity by
displacement of hydrogen ions in the rumen from increased rumen fill (Mertens, 1997).
Of the three fiber sources included in this study (corn, corn silage, and corn stover), corn
stover is the driest and bulkiest feedstuff. Therefore, corn stover would induce more
salivation, leading to an increase in salivary buffering compounds entering the rumen.
Additionally, bulkiness of corn stover inside the rumen would work to displace the
hydrogen ions by increasing rumen volume. In the present study, ruminal pH was greater
for steers fed corn stover than corn or corn silage, while corn and corn silage resulted in
similar ruminal pH values. Thus, it would appear that corn stover could have induced
more salivation and increased rumen fill to increase ruminal pH. Crawford et al. (2008)
similarly demonstrated that increasing dietary roughage levels was an effective means of
increasing ruminal pH. Further, replacing a portion of corn with alfalfa haylage in a 60%
DDGS feedlot ration enhanced salivary flow and increased ruminal pH, resulting in
greater fiber digestibility (Felix and Loerch, 2011). However, the increase in ruminal pH
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seen in cattle fed stover diets in the current study did not improve fiber digestibility, did
not alter urine pH, or result in improved cattle performance, indicating that increased
salivary buffering is not adequate for ruminal bacteria to digest stover or change
metabolic acid-base balance. Uhart and Carroll (1967) observed a decrease in urine pH
when calves were switched from alfalfa hay to a 90% concentrate ration. Felix et al.
(2012b) noted that increasing levels of DDGS up to 60% in corn-based feedlot lamb diets
decreased urine pH and reported that acidity of the feed represented up to 60% of acidity
in the urine.
Addition of hydrolytic chemical agents, such as Ca(OH)2, to highly lignified
feedstuffs have been shown to break bonds between lignin and structural carbohydrates,
resulting in increased microbial fermentation of the feedstuff (Jung and Deetz, 1993).
Steers supplemented with StoverCal in the present study had greater apparent
digestibility values for DM, NDF and ADF when compared to steers not supplemented
with StoverCal. Similarly, Nunez et al. (2014) reported an increase in ADF digestibility
and a tendency for increased NDF digestibility as CaO inclusion increased from 0 to
2.4% in 60% DDGS rations and Boukila et al. (1995) reported that supplementing barleybased feedlot lamb rations with Ca(OH)2 increased diet DM digestibility. Dry matter and
ADF digestibility were also greater when corn stover was pre-treated with CaO, or when
CaO was added to a ration at 1% DM (Duckworth et al., 2014). In the present study
StoverCal addition tended to increase the apparent digestibility of CP, decrease the
percentage of N excreted in feces, and increase the percentage of N excreted in urine.
Although there was no interaction, this effect of StoverCal on route of N excretion
appears to be occurring in corn and corn stover diets, but not the corn silage diet. Nunez
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et al. (2014) similarly reported no differences in fecal, urinary, or total N excretion with
CaO addition to a 60% DDGS ration with corn silage as a forage source. However,
Nunez et al. (2014) did see a quadratic effect of CaO on urinary urea excretion, where
excretion increased from 0 to 0.8% CaO inclusion and decreased from 1.6 to 2.4%
inclusion, which could be indicative of greater protein degradation in the rumen due to
CaO addition, though no differences in CP degradation were detected with alkali
inclusion. Van Soest (1994) reported that ammonia is an end product of ruminal protein
fermentation that is absorbed, converted into urea and either recycled in the rumen, or
excreted as urinary urea. Though urinary urea excretions did not differ among
treatments, data suggests that StoverCal addition increased ruminal protein fermentation
and absorption.
Steers fed rations with added StoverCal had greater total ruminal VFA
concentrations. Ruminal propionate was not affected by StoverCal and the increase in
total VFA was mainly due to increases in ruminal acetate and butyrate concentrations.
Duckworth et al. (2014) reported that corn based diets with DGS and 20% corn stover
treated with CaO resulted in greater total VFA and acetate concentrations than diets with
untreated corn stover. Boukila et al. (1995) similarly demonstrated that Ca and Mg
hydroxide supplementation resulted in greater ruminal VFA concentrations with
increased acetate concentrations without changing propionate concentrations. Nunez et
al. (2014) also demonstrated an increase in acetate concentrations when steers were fed
CaO, as well as no change in propionate concentrations. Increases in ruminal acetate and
butyrate concentrations are indicative of increased ruminal fiber fermentation, as these
two VFAs are primary end products of fiber degradation (Van Soest, 1994). Propionate
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fermentation is more energetically efficient than fermentation of acetate or butyrate
(Chalupa, 1977); however, increases in ruminal acetate and butyrate concentrations
without decreased ruminal propionate concentration, is indicative of an improved
utilization of dietary energy with added StoverCal.
Hoover (1986) stated that lower ruminal pH levels would inhibit fiber and protein
fermentation. Though ruminal pH only tended to be increased by StoverCal addition at 18
h post feeding, StoverCal still seems to be effective at increasing fiber and protein
fermentation. Felix et al. (2012a) demonstrated that treating DDGS based rations with
2% sodium hydroxide increased mean ruminal pH, leading to greater NDF degradation.
Lack of ruminal pH increases with StoverCal addition in the present study could be due
to increased VFA production as feeds are fermented, resulting in a cancellation in the
effects of added StoverCal. The fact that urine pH was increased by StoverCal addition
indicates that StoverCal was having an impact on acid-base balance. Nunez et al. (2014)
similarly reported that CaO addition to 60% DDGS diets and corn silage increased
urinary pH. Further, the tendency for ruminal pH to be increased with StoverCal addition
suggests that StoverCal is solubilized and the hydroxyl groups are separating from the
calcium cation, binding free hydrogen ions in the rumen, and increasing ruminal pH.
Increased urine pH from the addition of StoverCal suggests the liberated calcium cation
is absorbed into the blood stream, increasing buffering capacity of the blood, resulting in
increased urine pH.
In the present study, addition of StoverCal to corn diets tended to decrease DMI
for period 1, but had no impact on either period 2 or overall DMI or gain:feed in any
period when compared to steers consuming corn with no added StoverCal. Thus it
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appears from experiment 1 data that StoverCal may not be as effective in diets that
contain lower amounts of forage. Indeed, we observed an interaction in experiment 2,
where period 1 and overall ADG was improved in the diet that contained stover, however
DMI and gain:feed were not impacted. Nunez et al. (2014) and Schroeder et al. (2014b),
similar to experiment 1 in the present study, reported no change in ADG, but a decrease
in DMI with higher levels of CaO inclusion in a DDGS based ration. Additionally,
Schroeder et al. (2014b) observed an improvement in gain:feed with CaO addition in
50% DDGS or MDGS diets, while Nunez et al. (2014) noted the same improvements in
60% DDGS diets. Further, Boukila et al. (1995) reported an increase in digestible DMI
for feedlot sheep fed barley-based rations with added Ca(OH)2 or Mg(OH)2.
No differences in carcass characteristics among treatments were noted, with the
exception of experiment 1 where addition of StoverCal to corn rations increased dressing
percentage and in experiment 2 where steers fed StoverCal produced carcasses with a
greater percentage grading Choiceo. Nunez et al. (2014) did not observe an impact of
CaO on carcass characteristics, but did note an increased dressing percentage for steers
fed 1.6% CaO, though the reason for this is unclear. Previous work has demonstrated that
increasing dietary DGS inclusion above 29% of the diet DM can decrease marbling
scores (Corah and McCully, 2006; Gunn et al., 2009; Schoonmaker et al., 2010), and
although it appears in the present study that StoverCal increased the number of carcasses
grading Choice in diets that did not contain stover, it did not differ significantly. With
regard to inclusion of added forage into DGS-based diets, Yang et al. (2012) reported that
steers fed wheat distillers grains as a replacement for a portion of barley silage and barley
produced similar quality carcasses. Similarly, Hales et al. (2013) observed that replacing
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increasing amounts of corn with alfalfa haylage in 25% WDGS feedlot rations had no
effect on marbling score. In contrast, Gill et al. (1976) reported that increasing corn
silage content in feedlot rations resulted in carcasses with lower dressing percentages and
marbling scores and increased fat thickness. Additionally, Benton et al. (2015) observed
a lower fat thickness and decreased yield grade for steers consuming corn silage
compared to corn stalks or alfalfa hay in a 30% wet DGS diet.
In conclusion, adding stover to DDGS based rations of feedlot steers increases
ruminal pH, but did not result in improved fiber digestion, or increased ruminal VFA
production. Corn silage addition did increase ruminal VFA concentrations, but did not
alter ruminal pH or performance of cattle. Addition of StoverCal did not increase ruminal
pH, but did result in improved fiber digestibility, and increased ruminal VFA
concentrations. Feeding 2% StoverCal improved digestibility and performance in cattle
fed stover and produced performance values similar to those not fed stover. Thus,
feeding corn stover with 2% StoverCal could be a cost-effective replacement for a
portion of corn in feedlot diets when corn prices are elevated.
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Table 2.1 Composition of Diets
Experiment(s)

1,3

1,3
Corn

0%
StoverCal
60.0
20.0
14.5
----4.0
1.5
-----

1,2,3

2,3
Silage

2%
StoverCal
60.0
20.0
14.0
----4.0
----2.0

0%
StoverCal
60.0
34.5
--------4.0
1.5
-----

2%
StoverCal
60.0
34.0
--------4.0
----2.0

2,3

2,3
Stover

0%
StoverCal
60.0
17.3
----17.3
4.0
1.5
-----

2%
StoverCal
60.0
17.0
----17.0
4.0
----2.0

DDGS
Corn silage
Corn
Stover
Supplement1
Limestone
StoverCal
Nutrient
composition
Protein, %
24.2
24.1
24.0
24.0
23.9
23.9
NDF, %
46.0
45.9
51.8
51.5
52.7
52.3
ADF, %
14.7
14.7
17.7
17.6
21.2
21.0
NEm, Mcal/kg
0.00
0.00
0.00
0.00
0.00
0.00
NEg, Mcal/kg
0.00
0.00
0.00
0.00
0.00
0.00
Calcium, %
1.08
1.20
1.13
1.20
1.13
1.21
Phosphorus, %
0.73
0.73
0.72
0.71
0.69
0.69
Potassium, %
0.97
0.97
1.10
1.10
1.09
1.08
Sulfur, %
0.55
0.55
0.55
0.55
0.54
0.54
1
Supplement contained (DM basis): 1.00% Ca, 0.45% Mg, 2.03% K, 0.25% S, 2.60 mg/kg Co, 252.56 mg/kg
Cu, 2.63 mg/kg I, 96.78 mg/kg Fe, 572 mg/kg Mn, 6.32 mg/kg Se, 875.43 mg/kg Zn, 62.9 IU/g Vitamin A,
7.48 IU/g Vitamin D, 224 IU/kg Vitamin E, 640.8 ppm Rumensin (176.4 g/kg; Elanco Animal Health,
Greenfield, IN), 198.4 ppm Tylan (88.2 g/kg; Elanco Animal Health, Greenfield, IN)
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Table 2.2 Effect of StoverCal or added corn silage on performance of steers fed 60%
distillers grains (Experiment 1)
Treatments
Corn
0% StoverCal

2% StoverCal

Silage
0% StoverCal

Weight, kg
Day 0

350.1

350.6

350.6

7.49

0.99

Day 84

496.3

490.5

494.0

7.49

0.86

Day 167

629.0

623.2

623.5

7.49

0.83

ADG, kg/d
Period 1
Period 2
Overall
DMI, kg/d

1.75
1.62
1.68

1.67
1.51
1.58

1.71
1.56
1.62

0.059
0.059
0.059

0.67
0.35
0.48

Period 1

8.2x

7.5y

8.2x

0.26

0.09

Period 2

10.6b

10.2b

11.6a

0.26

0.01

Overall

9.4ab

8.9b

9.8a

0.26

0.03

Period 1

0.213

0.224

0.211

0.0051

0.17

Period 2

0.153a

0.148a

0.134b

0.0051

0.02

Overall

0.180a

0.179a

0.165b

0.004

0.02

165.8

173.1

169.1

3.03

0.24

SE

P

Gain:feed, kg/kg

Days on feed
a,b

Values within row without common superscripts differ (P ≤ 0.05)
Values within row without common superscripts differ (P ≤ 0.10)

x,y
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Table 2.3 Effect of StoverCal or added corn silage on carcass characteristics of steers fed
60% distillers grains (Experiment 1)

Hot carcass weight, kg

Treatments
Corn
0%
2%
StoverCal
StoverCal
387.2
390.0

Silage
0%
StoverCal
382.5

SE

P

5.44

0.62

61.6b

62.6a

61.4b

0.31

0.01

Fat thickness, cm

1.24

1.40

1.42

0.122

0.50

2

81.6

81.4

80.3

1.14

0.68

1.97

1.97

2.00

0.052

0.89

3.3
367.5

3.5
350.0

3.6
363.8

0.16
11.23

0.57
0.52

Select, %

6.3

12.5

6.3

7.10

0.77

Choice-, %

81.3

75.0

75.0

10.83

0.90

Choiceo, %

12.5

12.5

18.8

9.08

0.85

Dressing percent
Rib-eye area, cm
Kidney, pelvic, heart
fat, %
Yield grade
Marbling score
Quality grade

a,b

Values within row without common superscripts differ (P ≤ 0.05)

Table 2.4 Effect of StoverCal and corn stover addition on steer performance (Experiment 2)
Treatments
No Stover
0% StoverCal
2% StoverCal
Weight, kg
Day 0
371.6
Day 65
500.2
Day 153
627.1
ADG, kg/d
Period 1
1.98a
Period 2
1.53
Overall
1.74a
DMI, kg/d
Period 1
9.6
Period 2
11.5
Overall
10.6
Gain:feed,
kg/kg
Period 1
0.199
Period 2
0.134
Overall
0.163
Days on feed
148.3
1
Effect of stover inclusion
2
Effect of StoverCal addition
3
Stover inclusion x StoverCal addition

Stover
0% StoverCal 2% StoverCal

SE

P-value
Forage1 Alkali2

F x A3

371.2
499.1
626.2

372.2
481.0
629.5

373.1
503.0
629.4

19.08
21.55
6.62

0.95
0.73
0.68

0.99
0.64
0.94

0.99
0.88
0.98

1.97a
1.56
1.74a

1.67b
1.45
1.55b

2.00a
1.44
1.70a

0.063
0.054
0.050

0.04
0.08
0.04

0.02
0.90
0.15

0.01
0.33
0.05

9.3
12.1
10.8

9.0
11.6
10.5

10.0
11.9
11.1

0.34
0.34
0.34

0.94
0.87
0.84

0.25
0.23
0.32

0.25
0.64
0.72

0.217
0.129
0.161
148.3

0.209
0.126
0.148
166.3

0.221
0.121
0.154
152.9

0.0075
0.0075
0.0028
14.35

0.37
0.30
0.01
0.45

0.05
0.55
0.52
0.65

0.19
0.69
0.17
0.65
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Table 2.5 Effect of StoverCal and corn stover addition on carcass characteristics (Experiment 2)
Treatments
No Stover

Hot carcass weight, kg
Dressing percent
Fat thickness, cm
Rib-eye area, cm2
Kidney, pelvic, heart fat, %
Yield grade
Marbling score
Quality grade
Select, %
Choice-, %
Choiceo, %
+

Choice , %
Prime, %

Stover

P-value

0%
StoverCal
387.1
61.7
1.37
85.2
1.98
3.3
361.8

2%
StoverCal
392.4
62.4
1.35
85.6
1.97
3.3
373.6

0%
StoverCal
383.2
60.9
1.14
84.6
1.98
3.0
371.2

2%
StoverCal
389.3
61.9
1.45
84.6
2.02
3.4
369.2

4.94
0.55
0.178
1.10
0.024
0.21
19.41

0.48
0.23
0.68
0.47
0.31
0.78
0.90

0.27
0.15
0.45
0.89
0.68
0.41
0.81

0.94
0.82
0.37
0.85
0.27
0.38
0.73

28.6
50.0

10.7
53.6

26.2
47.6

25.0
44.0

9.39
10.75

0.54
0.59

0.33
0.98

0.39
0.75

7.1

35.7

14.9

23.2

10.25

0.82

0.10

0.34

10.7
3.6

0.0
0.0

11.3
0.0

7.7
0.0

9.09
1.79

0.68
0.34

0.48
0.34

0.72
0.34

1

Effect of stover inclusion

2

Effect of StoverCal addition

3

Stover inclusion x StoverCal addition

SE

Forage1 Alkali2

F x A3
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Table 2.6 Effect of forage source or StoverCal on ruminal volatile fatty acids (Experiment 3)
Treatments
Corn
0%
2%
StoverCal StoverCal
Total VFA, mM
100.8
129.2
Formate, mM
0.90
1.15
Acetate, mM
49.9
69.1
Propionate, mM
33.5
36.4
Acetate:Propionate
1.7
2.1
Butyrate, mM
10.7
15.9
Isobutyrate, mM
0.64
0.95
Valerate, mM
0.77
1.75
Isovalerate, mM
0.40
1.11
1
Effect of forage source
2

Effect of StoverCal addition

3

Forage source x StoverCal addition

Silage
0%
StoverCal
118.7
0.89
60.8
38.8
1.7
11.7
0.60
1.13
0.98

Stover

2%
0%
StoverCal StoverCal
131.4
91.9
1.02
1.50
72.0
50.7
38.1
26.7
2.1
2.3
15.3
7.9
0.82
0.69
0.59
0.50
0.72
0.86

2%
StoverCal
117.5
1.02
65.0
31.4
2.4
12.8
0.92
0.69
0.93

P-value
SE

Forage1

Alkali2

4.03 < 0.0001 < 0.0001
1.504
0.44
0.86
4.38
0.14
< 0.001
2.84
< 0.01
0.32
0.14
< 0.01
0.01
1.37
0.05
< 0.001
0.124
0.70
0.02
0.464
0.36
0.59
0.865
0.93
0.59

F x A3
0.12
0.29
0.65
0.63
0.50
0.81
0.93
0.28
0.47
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Table 2.7 Effect of forage source or StoverCal on diet digestibility (Experiment 3)
Treatments
Corn
0%
StoverCal
Intake, kg/d
DM
OM
CP, g/d
NDF
ADF
Apparent
digestibility, %
DM
OM
CP
NDF
ADF
1
2
3

Silage

Stover

P-value

2%
0%
2%
0%
2%
StoverCal StoverCal StoverCal StoverCal StoverCal

SE

Forage1 Alkali2 F x A3

8.0
7.8
310.1
2.8
1.0

7.9
7.3
293.3
2.6
0.9

8.9
8.3
330.5
3.3
1.3

9.1
8.4
341.1
3.4
1.3

7.8
7.3
285.8
3.3
1.4

8.4
7.8
307.8
3.5
1.5

0.48
0.13
0.45
0.13
17.94
0.08
0.18 < 0.01
0.07 < 0.001

82.0
82.4
87.0
70.7
70.4

85.0
86.2
89.1
77.2
76.3

79.6
81.3
86.8
70.9
70.3

82.6
84.3
88.0
75.7
75.9

77.0
77.3
85.5
66.2
66.3

80.1
80.6
86.2
71.1
72.9

1.45
1.42
0.93
2.25
2.16

< 0.01
< 0.01
0.07
0.06
0.17

0.76
0.88
0.73
0.76
0.73

0.56
0.56
0.55
0.56
0.58

0.02
< 0.01
0.09
< 0.01
< 0.01

0.99
0.96
0.74
0.93
0.97

Effect of forage source
Effect of StoverCal addition
Forage source x StoverCal addition
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Table 2.8 Effect of forage source or StoverCal on nitrogen balance (Experiment 3)
Treatments
Corn

N intake, g/d
N excretion, g/d
Fecal excretion
DM, kg/d
Total N, g/d
Total N, % N
excretion
Urinary excretion
Volume, L/d
Total N, g/d
Total N, % N
excretion
Urea N, g/d
Ammonia N, g/d
Urine pH

Silage

Stover

P-value

0%
StoverCal

2%
StoverCal

0%
StoverCal

2%
StoverCal

0%
StoverCal

2%
StoverCal

SE

Forage1

Alkali2

F x A3

310.1
174.8

293.3
164.1

330.5
186.1

341.1
186.3

285.8
166.0

307.8
184.5

17.94
14.56

0.08
0.51

0.73
0.83

0.55
0.61

1.5
39.6

1.2
32.6

1.8
43.2

1.6
41.0

1.8
41.8

1.7
42.5

0.18
4.27

0.08
0.28

0.14
0.43

0.88
0.66

22.9

19.3

23.6

22.3

25.0

23.0

1.30

0.10

0.04

0.65

11.2
135.2

12.3
131.5

13.6
142.9

13.3
145.3

12.0
124.3

11.3
142.0

1.24
11.26

0.28
0.55

0.99
0.56

0.72
0.62

77.1
105.4
39.1
6.9

80.7
99.0
38.1
7.0

76.4
107.9
35.0
6.5

77.7
103.8
47.9
7.4

75.0
93.8
32.9
6.6

77.0
106.9
39.8
7.4

1.30
11.41
7.79
0.23

0.10
0.89
0.81
0.98

0.04
0.93
0.33
< 0.01

0.65
0.65
0.68
0.19

1

Effect of forage source

2

Effect of StoverCal addition

3

Forage source x StoverCal addition

79

7.50

*

Ruminal pH

7.00

*
*

6.50

*

†

6.00

5.50

Forage, P = 0.0031
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Figure 2.1 Effect of forage source on ruminal pH (Experiment 3)
*Denotes differences in ruminal pH due to forage source (P ≤ 0.05). At 0, 9, 12, and 18 h post-feeding corn stover inclusion increased
ruminal pH, while corn silage inclusion resulted in a ruminal pH similar to that of steers fed corn. †Denotes differences in ruminal pH
due to forage source (0.05 ≤ P ≤ 0.10). At 6 h post-feeding corn stover inclusion tended to increase ruminal pH.
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5.50

StoverCal, P = 0.53
StoverCal x Time, P = 0.17
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0

3
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Time post-feeding, h
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Figure 2.2 Effect of StoverCal (calcium hydroxide) addition on ruminal pH (Experiment 3)
†

Denotes differences in ruminal pH due to StoverCal addition (0.05 ≤ P ≤ 0.10). At 18 h post-feeding addition of StoverCal tended to

increase ruminal pH.
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EFFECT OF CALCIUM OXIDE AND SOYBEAN
HULL ADDITION TO FEEDLOT DIETS CONTAINING DDGS
AND CORN STOVER ON STEER PERFORMANCE, CARCASS
CHARACTERISTICS, AND DIGESTIBILITY

3.1

Abstract
The acidic nature of dried distillers grains with solubles (DDGS) is a key

determinant in depressing fiber and protein digestibility and plays a primary role in
decreased intake and growth rate when DDGS concentrations exceed 30% of the diet
DM. We hypothesized that addition of soybean hulls (SBH) and/or calcium oxide (CaO)
to rations containing DDGS would increase ruminal pH, enhance fiber digestibility, and
improve steer performance. In experiment 1, Angus x Simmental steers (n=112,
BW=364.4 kg) were allotted to 1 of 4 diets arranged as a 2x2 factorial to determine the
effect of SBH and CaO on performance of steers fed 20% corn stover and 30% DDGS.
Soybean hull diets contained 30% SBH and 14.1 or 15.0% corn, whereas corn diets
contained 43.9 or 44.8% corn. Calcium oxide diets contained 1% CaO and non-CaO diets
contained 1.9% limestone. Diets were fed once daily at 0800 until steers achieved a target
BW of 630 kg. In experiment two, 4 steers (initial BW = 510 ± 9.8 kg) were randomly
allotted to a 4×4 Latin square design (21-d periods) to determine the effects of CaO and
SBH on ruminal pH, VFA, and nutrient digestibility. Statistical analyses were conducted
using the MIXED procedure of SAS. In experiment 1, BW did not differ among
treatments throughout the study (P ≥ 0.46). Overall carcass adjusted gain did not differ
due to SBH or CaO inclusion (P ≥ 0.13), but there was an interaction (P = 0.01) where
CaO improved gain of steers fed corn, but not steers fed SBH. Steers fed SBH had
greater DMI than steers fed corn (P = 0.02) and an interaction tended to occur (P = 0.06)
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where CaO increased DMI of steers fed corn, but not steers fed SBH. An interaction
occurred for gain:feed during the last 62 d of the study, where CaO increased gain:feed in
steers fed corn (P = 0.02), but not in steers fed SBH. Overall, gain:feed did not differ
among treatments (P = 0.36). Calcium oxide increased hot carcass weight and yield grade
(interaction; P ≤ 0.04) and tended to increase backfat (interaction; P = 0.08) in steers fed
corn, but not in steers fed SBH. Dressing percentage, LM area, %KPH, and marbling
score did not differ among treatments (P ≥ 0.14). Steers fed SBH tended to have a greater
percentage of carcasses grade Select (P = 0.09) and fewer grade choice average (P =
0.02) compared to steers fed corn. Total VFA concentrations were greater with SBH
inclusion and with CaO addition (P < 0.01). Digestibility of DM, NDF and ADF were
greater with CaO addition (P ≤ 0.04) and NDF and ADF digestibility were greater with
SBH inclusion (P < 0.001). Total N excretion tended to be lower with SBH inclusion
and CaO addition (P = 0.07). In conclusion, CaO enhances performance of cattle fed
DDGS + corn stover diets when corn is a primary component of the diet, but not when
corn is partially replaced by a fiber based energy feed such as SBH.

3.2

Introduction
Inclusion of starch based grains in high fiber diets can result in development of

negative associative effects, leading to reduced intake and poor fiber digestion (Chase
and Hibberd, 1987; Pordomingo et al., 1991; Fieser and Vanzant, 2004). Mertens and
Loften (1980) reported that fiber digestion was delayed by the addition of starch to a pH
controlled incubation with a mixed ruminal bacterial population; only after the starch was
digested did fiber digestion resume at a normal rate. This negative effect on fiber
digestion was attributed to ruminal bacteria capable of digesting both starch and fiber
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preferentially digesting starch (Mertens and Loften, 1980) and producing end products
that decrease cellulase and hemicellulase activity (van der Linden et al., 1984). Distillers
grains with solubles (DGS) is a highly digestible fiber energy feed. When DGS replaces a
portion of corn in diets that contain 10 to 20% roughage there could be a decrease in
negative associative effects. However, inclusion of DGS in feedlot rations can increase
dietary acidity because sulfuric acid is added in the ethanol fermentation practice
(McAloon et al., 2000). Thus, cattle consuming rations containing elevated amounts of
DGS can exhibit a ruminal pH as low as 5 (Felix and Loerch, 2011). This lower ruminal
pH inhibits the growth, reproduction, and efficiency of fiber fermenting cellulolytic
bacteria due to a decrease in their ability to attach to feed particles and a decrease in their
ability to produce cellulases (Hoover, 1986).
Soybean hulls (SBH) are 74% NDF (NRC, 1996), however, the energy value of
SBH in rations can vary depending on what other components are included in the diet.
Ludden et al. (1995) demonstrated that SBH fed in a starch-based feedlot ration provided
only 74% the energy of corn. However, others have observed that SBH fed in high fiber
diets provides energy comparable to that of corn (Hibberd et al., 1987; Anderson et al.,
1988). Additionally, Bittner (2012) demonstrated that when SBH are fed in combination
with DGS, SBH can provide up to 119% the energy of corn as a result of a positive
associative effect on ruminal fermentation. Digestibility of low quality forages has been
shown to increase with dietary SBH inclusion (Highfill et al., 1987; Galloway et al.,
1993; Fieser and Vanzant, 2004; Orr et al., 2008). Additionally, the capabilities alkali
treatments of low quality roughages to enhance digestibility has been known for years
(Klopfenstein, 1978). Recent research has demonstrated that the addition of alkalizing
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agents such as calcium oxide (CaO) or calcium hydroxide (Ca(OH)2) have been effective
at increasing ruminal pH and enhancing fiber digestibility in feedlot steers fed 60%
DDGS diets (Nunez et al., 2014; Chapter 2). Consequently, we hypothesized that adding
CaO to 30% DGS diets would increase ruminal pH and enhance a potential positive
associative effect between stover, SBH, and DGS resulting in improved fiber digestibility
and growth performance of the cattle. Thus, two experiments were conducted to examine
the effects of CaO and SBH in feedlot diets on steer performance, carcass characteristics,
and digestibility.

3.3
3.3.1

Materials and Methods
Experiment 1

3.3.1.1 Animals and Diets
One hundred and twelve Angus x Simmental steers (average initial BW = 364.1
± 7.87 kg) were used at the Animal Sciences Research and Education Center (ASREC) of
Purdue University to determine the effect of soybean hull (SBH) inclusion and calcium
oxide (CaO) addition to feedlot diets containing DDGS and stover on steer performance
and carcass characteristics. Steers were weighed and allotted, by BW, frame size, and
breed composition to one of 4 treatments, arranged as a 2 x 2 factorial. Steers were
housed in 16 pens (7 steers/pen, 4 pens/treatment) located in a curtain-sided, slatted-floor
finishing barn. Pen dimensions were 6.1 x 3.4 m and provided 48 cm of bunk space per
animal. Treatments consisted of a base ration containing 30% DDGS, 20% corn stover,
and 4% vitamin/mineral supplement with corn, soybean hulls, urea, and calcium source
making up the difference. Treatments were: 1) no SBH with 0% CaO inclusion (43.9%
corn, 1.9% limestone, and 0.2% urea), 2) no SBH with 1% CaO inclusion (44.8% corn,
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1% CaO, 0.2% urea), 3) 30% SBH with 0% CaO (14.1% corn, 1.9% limestone), and 4)
30% SBH with 1% CaO (15% corn). Diets, provided in Table 3.1, were formulated to
meet or exceed NRC (1996) requirements for protein, vitamins and minerals of growing
beef cattle. Corn stover was harvested at approximately 80% DM after corn harvest.
Corn stover was chopped in a windrow and then harvested using a silage chopper
equipped with a flail header and stored in an air-tight silage bag (Up North, Cottage
Grove, MN) until the initiation of the experiment. Calcium oxide was provided courtesy
of Mississippi Lime (St. Louis, MO). Diets were delivered once daily at 0800 h and
steers were allowed ad libitum access to feed and water. Feed deliveries were adjusted
daily using the South Dakota State University 4-point bunk scoring system (Pritchard,
1993) to minimize the accumulation of unconsumed feed. Feed delivery was recorded
daily and feed refusals were weighed, recorded and discarded daily. Feed samples were
taken every other week and dried in a forced air oven at 60°C for 48 h. Dried feed
samples were ground using a standard Wiley laboratory mill (1-mm screen; Arthur H.
Thomas, Philadelphia, PA), and composited at the end of the experiment for analysis of
CP (Micro-Kjeldahl N x 6.25), NDF and ADF using an Ankom200 Fiber Analyzer
(ANKOM Technology Corporation, Fairport, NY), ether extract (method 920.39; AOAC,
1990), and minerals (Ca, P, Mg, K, S; method 968.08; AOAC, 1990). As-fed
formulations were adjusted for DM content accordingly every other week.
Steers were vaccinated against bovine rhinotracheitis, bovine viral diarrhea,
parainfluenza-3, and bovine respiratory syncytial virus (Bovi-Shield GOLD® FP® 5;
Zoetis Animal Health), against Haemophilus somnus, Pasturella, and Clostridia (Vision7® Somnus; Merck Animal Health), and treated with an anthelminitic (Valbazen®; Zoetis
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Animal Health) for internal and external parasites at weaning and upon feedlot entry.
Steers were implanted with Revalor – XS (4 mg estradiol and 20 mg trenbolone acetate;
provided courtesy of Merck Animal Health, Summit, NJ) at feedlot entry.
3.3.1.2 Growth Performance and Carcass Characteristics Measurements
Steers were weighed on two consecutive days at the onset and finalization of the
study for the determination of initial and final body weights. During the experiment,
steers were weighted monthly to monitor ADG. Body weights were taken prior to
feeding. Scales (Tru-Test XR3000; Mineral Wells, TX) weighed to the nearest 0.9 kg (<
453.6 kg) or 2.3 kg (> 453.6 kg) and were checked for accuracy at each weigh date.
Average daily gain was determined by the difference between final and initial BW
divided by the number of days on feed. Dry matter intake was recorded and used to
calculate feed efficiency (gain:feed) by dividing ADG by DMI. Feedlot performance of
the steers was calculated for d 0 to 86 (period 1), d 86 to slaughter (period 2), and d 0 to
slaughter (overall). Animals were slaughtered at a commercial packing facility (Tyson
Foods, Joslin, IL) when they achieved a target BW of approximately 630 kg. Hot carcass
weight and dressing percentage were determined after slaughter and prior to chilling.
After carcasses were chilled for 24 h, the following measurements were obtained by
qualified University personnel: subcutaneous fat thickness taken between the 12th and
13th ribs, LM area obtained by direct grid reading of the LM between the 12th and 13th
ribs, internal fat (kidney, pelvic, and heart fat; %KPH) as a percentage of hot carcass
weight, marbling score, and USDA quality and yield grades (USDA, 1997).
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3.3.1.3 Statistical Analysis
Data were analyzed as a randomized complete block design utilizing the mixed
procedure of SAS (Version 9.3, SAS Inst. Inc., Cary, NC) with pen considered the
experimental unit. Random effects of pen and the fixed effect of CaO addition, SBH
inclusion, day, as well as the CaO addition x day, SBH x day, CaO addition x SBH
inclusion, and CaO addition x SBH inclusion x day interactions were included in the
model. Performance was analyzed as repeated measures by comparing four covariance
structures for each variable (compound symmetric, autoregressive order one,
heterogeneous autoregressive order one, and unstructured). The covariance structure that
yielded the lowest Bayesian Information Criterion was utilized for presented results. The
least squares means (LSMEANS) statement was used for the calculation of the means of
each treatment, respectively. Statistical significance was determined when P ≤ 0.05 and
tendencies were discussed when 0.05 < P ≤ 0.10.
3.3.2

Experiment 2

3.3.2.1 Animals and Diets
Four ruminally cannulated Angus x Simmental Steers (average initial BW = 510.2
± 9.79 kg) were used at the Purdue University ASREC to determine the effects of CaO
addition and SBH inclusion on ruminal pH, VFA production, apparent digestibility, and
nitrogen balance. Steers were fistulated approximately 9 months prior to the start of the
study. Steers were previously adapted to a 30% DDGS ration and then allotted to a 4 x 4
Latin square design balanced for carry over effects, such that each experimental diet
followed a different diet for each respective treatment. Dietary treatments were the same
as those in experiment 1 and are shown in Table 3.1. The experimental periods were 21 d
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and were composed of a 16 d adaptation to the respective diet and 5 d of sampling. Feed
delivery, bunk management, diet sampling, and vaccination protocols were the same as
those used in experiment 1.
Steers were housed individually in 3.0 x 9.1 m pens in a 3-sided barn with
concrete floors covered with wood chips under roof and outside access for the first 14 d
of each period. On d 15, steers were moved into a climate controlled room with
temperatures maintained between 17°C and 21°C and continuous lighting. Steers were
individually housed in 1.0 x 2.0 m tie stalls equipped with rubber mats. The individual
tie stalls were designed for total urine and fecal collections. Each respective ration was
mixed individually and delivered once daily at 0800 h and steers were allowed ad libitum
access to feed and water. Organic matter was calculated as the difference between DM
and ash contents (AOAC, 2000).
3.3.2.2 Sampling
Rumen contents were collected via the rumen cannula at h 0, 1.5, 3, 6, 9, 12, 18,
24, 36, 48, 72, 84 and 96 of each respective sampling period. Rumen contents were
strained through 2 layers of cheese cloth to collect rumen fluid. Rumen fluid pH was
immediately measured and recorded using a pH meter (VWR® sympHony® SB70P
benchtop pH meter with glass combination pH electrode, VWR International, LLC,
Batavia, IL). Rumen fluid was then stored in a 50 ml conical tube at -20°C for later
analysis of VFA concentration. Volatile fatty acid content of the rumen fluid was
determined using a gas chromatograph equipped with a flame ionization detector (Model
7890A; Agilent Technologies, Santa Clara, CA) after butylation according to Salanitro
and Muirhead (1975).
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Total daily fecal output was collected in metal pans built into the floor at the tail
end of the tie stall and determined every 24 h for d 17-21. A sub-sample of total feces
was collected each day and stored for later analysis of DM, CP, NDF, ADF as described
previously for feed in experiment 1. Feces were analyzed for OM which was calculated
as the difference between DM and ash contents (AOAC, 2000). Apparent digestibility
was calculated according to Van Keulen and Young (1977).
Total daily urine production was also collected during the 24 h periods on d 17-21
of each respective period. Total urinary output was collected into metal pans built into
the floor in the middle of the tie stall. The metal collection pans were sloped to one side
where there was an output hole, allowing urine to flow into a plastic collection container
below. One hundred ml of a 3 N HCl solution was added to the plastic collection bins
prior to urinary collection to acidify the urine and avoid N volatilization and a sub sample
of the total urine was stored in a 50 ml conical tube at -20° until analysis. Urine samples
were analyzed for total N (block digestion followed by steam distillation), and ammonia
N (steam distillation) using a Kjeltec 2300 micro-Kjeldahl Analyzer Unit (Foss Tecator,
AB, Foss North America). Urinary urea output was calculated as the difference between
total N output and ammonia N output. Prior to feeding and acidification of urine, fresh
urine was collected and used to determine urine pH using a pH meter.
3.3.2.3 Statistical Analysis
Data were analyzed as a 4 x 4 Latin square design utilizing the MIXED procedure
of SAS (Version 9.3, SAS Inst. Inc., Cary, NC) with steer within period considered the
experimental unit. Repeated measures were used to analyze rumen pH and VFA
concentrations and the model included the random effects of steer and period and fixed
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effects of the time, CaO addition, SBH inclusion, the interaction between time and CaO
addition, the interaction between time and SBH inclusion, and the interaction between
time, SBH inclusion, and CaO addition. Four covariance structures were tested for each
variable (compound symmetric, autoregressive order one, heterogeneous autoregressive
order one, and unstructured) and the covariance structure that yielded the lowest
Bayesian information criterion was used for the presented results. The LSMEANS
statement was used for the calculation of adjusted means for dietary CaO addition and
SBH inclusion. Differences were considered statistically significant when P ≤ 0.05 and
tendencies were discussed when 0.05 < P ≤ 0.10.

3.4
3.4.1

Results
Experiment 1
Feedlot performance data are presented in Table 3.2. Feed efficiency, ADG, and

final BW were analyzed with and without an adjustment to a common dressing
percentage of 62.7%, and reported with and without adjustment. Steer BW did not differ
among treatments at any point in the study and did not differ when adjusted to a common
dressing percentage (P ≥ 0.36). Average daily gain from d 0 to 86 was greater for steers
fed SBH than for steers fed SBH free diets (P = 0.03). Addition of CaO did not affect
ADG from d 0 to 86 (P = 0.22), but an interaction occurred (P = 0.01) where CaO
improved ADG for steers fed SBH free diets, but not for steers fed SBH. When not
adjusted for dressing percentage, ADG for steers during the second half of the study (d 86
to 155) and overall did not differ because of fiber inclusion or CaO addition (P ≥ 0.20).
However there tended to be an interaction for second half (P = 0.09) and there was an
interaction (P = 0.01) for overall dressing percentage adjusted ADG. Addition of CaO in
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SBH free diets increased dressing percentage adjusted second half and overall ADG,
whereas addition of CaO in SBH diets decreased dressing percentage adjusted second
half and overall ADG. Days on feed did not differ for steers among treatments (P ≥ 0.39).
Inclusion of SBH did not impact DMI during the first half (P = 0.12), but increased
second half (P = 0.03) and overall (P = 0.02) DMI. Addition of CaO had no impact on
DMI during any period or overall (P ≥ 0.19), but an interaction between CaO addition
and SBH inclusion occurred for DMI in the first half of the study (P = 0.03) and tended
to occur during the second half of the study (P = 0.10) and overall (P = 0.06), where
addition of CaO in SBH free diets increased DMI and addition of CaO to SBH diets
decreased DMI. Gain:feed was not impacted by SBH addition during the first half of the
study (P = 0.45), overall (P = 0.82), or overall dressing percentage adjusted (P = 0.69).
However, from d 86 to 155 gain:feed was greatest for steers fed SBH free diets (P = 0.04)
and dressing percentage adjusted second half gain:feed tended to be greatest (P = 0.06)
for steers fed SBH free diets. Addition of CaO did not affect gain:feed at any point in the
study (P ≥ 0.12). An interaction was noted for second half (P = 0.05) and dressing
percentage adjusted second half (P = 0.02) gain:feed where addition of CaO to SBH free
rations increased gain:feed, while addition of CaO to SBH rations decreased gain:feed.
Carcass characteristics are presented in Table 3.3. Hot carcass weight and fat
thickness were not impacted by SBH inclusion (P ≥ 0.79), but yield grade tended (P =
0.08) to be greatest in steers fed SBH rations. Addition of CaO did not affect hot carcass
weight, fat thickness, or yield grade (P ≥ 0.37). However, an interaction was noted where
addition of CaO to SBH free diets increased hot carcass weight (P = 0.04), yield grade (P
= 0.03) and tended to increase fat thickness (P = 0.08), but addition of CaO to SBH
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rations decreased these parameters. Dressing percentage, LM area, KPH %, and
marbling score for steers did not differ because of SBH inclusion or CaO addition and an
interaction did not occur (P ≥ 0.14). However, steers fed SBH tended to produce
carcasses with a greater percentage of animals grading Select (P = 0.09), and also
resulted in a lower number of carcasses grading Choice average (P = 0.02).
3.4.2

Experiment 2
Ruminal pH data are presented in Figures 3.1 and 3.2. Inclusion of SBH tended

to lower ruminal pH (fiber x time interaction, P = 0.10). Addition of CaO tended to delay
ruminal pH nadir (alkali x time interaction, P = 0.007). No differences in ruminal pH of
steers were detected at any individual time point for either SBH inclusion (P ≥ 0.15) or
CaO addition (P ≥ 0.18), and SBH inclusion and CaO addition did not interact (P ≥ 0.36).
Ruminal fluid VFA data were pooled among time points and are presented in
Table 3.4. No interactions were detected between SBH inclusion and CaO addition for
any VFA measurements (P ≥ 0.16), with the exception of valerate. Total ruminal VFA
concentrations (mM) were greater for steers fed SBH rations and greater for steers fed
diets with CaO added (P < 0.01). Ruminal acetate concentrations were greater with SBH
inclusion (P < 0.01) and tended to be greater with CaO addition (P = 0.09). Ruminal
acetate:propionate was greater for steers fed diets with SBH (P < 0.01). Ruminal
concentrations of formate, propionate, butyrate, isobutyrate, valerate and isovalerate did
not differ with SBH inclusion or CaO addition (P ≥ 0.16). Ruminal valerate
concentrations tended to decrease with CaO addition in SBH free diets, and increase with
CaO addition in SBH diets (P = 0.09).

94
Diet digestibility data are presented in Table 3.5. Inclusion of SBH did not affect
DM, OM, or CP intake, but did increase NDF and ADF intake (P < 0.0001). Addition of
CaO did not influence any intake parameter and there were no interactions that occurred
for DM, OM, or CP intake (P ≥ 0.40). Inclusion of SBH did not influence DM, OM, or
CP apparent digestibility, but apparent digestibility of NDF and ADF increased for steers
fed SBH diets (P < 0.001 and P < 0.0001 for NDF and ADF, respectively). Calcium
oxide addition to rations increased apparent digestibility of DM (P = 0.04), OM (P =
0.05), NDF (P = 0.02), and ADF (P = 0.02), but not CP (P ≥ 0.29). Inclusion of SBH and
addition of CaO did not interact to influence apparent digestibility of any dietary
component (P ≥ 0.18).
Data on nitrogen balance are shown in Table 3.6. Nitrogen intake of steers did
not differ because of SBH inclusion or CaO addition. However, total nitrogen excretion
tended to decrease with both SBH inclusion and CaO addition (P = 0.07). Fecal DM and
nitrogen excretion, and percentage of total nitrogen excreted in feces did not differ
because of either SBH inclusion or CaO addition (P ≥ 0.19). Urinary volume tended to
decrease with CaO addition (P = 0.10), but was not impacted by SBH inclusion (P =
0.44). Urinary excretion of total N (g/d) was lower for steers fed SBH diets (P = 0.05)
and decreased with CaO addition (P = 0.05). Total nitrogen excreted in urine as a percent
of total nitrogen excreted by steers did not differ with SBH inclusion or CaO addition (P
≥ 0.26). Urinary urea nitrogen was lower for steers fed SBH diets (P = 0.02), but was not
affected by CaO addition (P = 0.30). Urinary ammonia nitrogen tended (P = 0.09) to
increase and urine pH increased (P = 0.01) with SBH inclusion, but neither were

95
impacted by addition of CaO (P ≥ 0.22). No interactions between SBH inclusion and
CaO addition were detected for any of the nitrogen balance parameters (P ≥ 0.59).

3.5

Discussion
Inclusion of starch based grains in high fiber diets can result in development of

negative associative effects, leading to reduced intake and poor fiber digestion (Chase
and Hibberd, 1987; Pordomingo et al., 1991; Fieser and Vanzant, 2004). Increases in
apparent digestibility of NDF and ADF with SBH inclusion in the present study are likely
due to a positive associative effect. Soybean hulls are 74% NDF (NRC, 1996), however,
the energy value of SBH in rations can vary depending on other dietary components.
Ludden et al. (1995) demonstrated the SBH fed in a starch-based feedlot ration resulted
in SBH providing only 74% the energy of corn. Others have observed that SBH fed in
high fiber diets can provide energy comparable to that of corn (Hibberd et al., 1987;
Anderson et al., 1988). Bittner (2012) demonstrated that when SBH are fed in
combination with DGS, SBH can provide up to 119% the energy of corn in feedlot diets
as a result of potential positive associative effects in the rumen. Further, addition of SBH
to rations containing low quality forages has resulted in greater digestibility (Highfill et
al., 1987; Galloway et al., 1993; Fieser and Vanzant, 2004; Orr et al., 2008). Specifically,
Orr et al. (2008) concluded that when SBH replaced a portion of corn in diets of steers
fed bermudagrass hay apparent NDF and ADF digestibilites increased.
Increases in apparent digestibilites of DM, OM, NDF and ADF from CaO addition
in the current study aligns with previous alkali research. Stroud et al. (1985)
demonstrated that addition of 1% sodium bicarbonate to a cracked corn-based diet
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improved total tract DM and NDF digestion. Additionally, adding sodium bicarbonate to
steam-flaked corn and sorghum diets increased total tract ADF digestion (Zinn, 1991).
Felix et al. (2012a) reported that addition of 2% sodium hydroxide to 60% DDGS diets
increased NDF degradation, while Nunez et al. (2014) observed that CaO addition tended
to increase NDF and increased ADF apparent digestibilites with increasing amounts of
CaO addition. Addition of Ca(OH)2 has also enhanced fiber digestibility in feedlot steers
that were fed diets containing 60% DDGS and stover (Chapter 2). Despite what appears
to be a greater improvement in fiber digestibility in SBH free diets as a result of CaO
addition, there was no interaction in the current study.
Acetate and butyrate are end products of ruminal fiber fermentation (Van Soest,
1994). Consequently, in the present study the increase in total ruminal VFA and acetate
concentration from both SBH inclusion and CaO addition are likely due to an increase in
ruminal fiber fermentation as a result of alterations in the pH profile of the rumen.
Distillers grains with solubles can lower ruminal pH below 5 (Felix and Loerch, 2011)
because of sulfuric acid addition during the ethanol fermentation process (McAloon et al.,
2000). Lower ruminal pH can inhibit the activity and growth of cellulolytic bacteria
(Mould and Ørskov, 1983), leading to decreased fiber fermentation. In the present study,
cattle fed the SBH diets tended to have a lower ruminal pH from 6 to 18 h post-feeding,
and cattle fed CaO had an increased ruminal pH from 3 to 6 h post feeding. Martin and
Hibberd (1990) reported that increasing levels of SBH inclusion in a cottonseed meal diet
for beef heifers resulted in a decreased ruminal pH, which was attributed to greater VFA
production. Similarly, Weidner and Grant (1994) observed that replacing a portion of
alfalfa and corn silage with SBH decreased ruminal pH and acetate:propionate ratio in
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lactating dairy cows. In contrast, (Orr et al., 2008) reported no effect on ruminal pH
when SBH were supplemented to steers receiving bermudagrass hay. Further, steers fed
stover with added SBH were shown to have increased ruminal pH compared to steers
supplemented with corn (Anderson et al., 1988). Changes in ruminal pH in the present
study as a result of CaO addition are consistent with previous studies. Nunez et al. (2014)
demonstrated that the addition of CaO at 1.6% or 2.4% DM to a 60% DDGS ration
delayed the post-feeding decline in pH. Addition of Ca(OH)2 increased ruminal pH and
delayed the pH nadir in feedlot steers fed 60% DDGS diets that included stover (Chapter
2). It is possible that changes in pH and VFA production in cattle fed alkali may change
their feeding pattern. Duckworth et al. (2014) noted that CaO addition to corn stover as
either a pre-treatment or directly to the ration did not result in altered VFA concentrations
at 0 and 6 h post-feeding and hypothesized that this could be due to an alteration of
feeding patterns with CaO addition. If this hypothesis is correct, that would indicate that
CaO addition is causing steers to eat smaller, more frequent meals throughout the day.
Schroeder et al. (2014a) reported an increase in ruminal pH at 3 h post feeding with 1.2%
CaO addition to a 48.8% dried DGS ration and observed that meal sizes decreased from 0
to 3 h post-feeding, with no increase in meal frequency (Schroeder et al., 2014b).
In the present study, urinary N excretion was lower for steers consuming SBH
diets, indicating that N utilization was increased with SBH inclusion. Van Soest (1994)
stated that ammonia is an end product of ruminal protein fermentation and is converted
into urea in the liver, which can be excreted in urine. Decreased urinary N excretion
because of SBH inclusion in the present study, indicates that there may have been more
ruminal protein fermentation with SBH inclusion, even though total tract apparent
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digestibility of crude protein was not impacted by SBH inclusion. In agreement, Orr et al.
(2008) observed that SBH inclusion in the diets of steers fed bermudagrass increased
ruminal ammonia N and improved ruminal N utilization. In the present study, urine pH
was increased with SBH inclusion, despite a lower ruminal pH for cattle fed SBH. It
appears that replacing corn with SBH decreases dietary anion concentrations and/or
increases cations. Felix et al. (2012b) reported a linear decrease in urine pH with
increasing dietary acid load from greater DDGS inclusion in diets of feedlot lambs.
Calcium oxide and Ca(OH)2 have been observed to increase urine pH in 60% DDGS
rations (Nunez et al, 2014; Chapter 2), suggesting that added dietary alkali improved the
acid-base balance of steers in these studies. Although CaO increased urine pH in the
present study, it did not differ from urine pH in cattle not fed CaO possibly because only
30% DDGS were fed, with a lower dietary acid load, resulting in less need for regulation
of acid-base balance.
The DMI increase due to SBH in the present study is in agreement with Ferreira et
al. (2011) who reported an increase in DMI and decrease in gain:feed when SBH
replaced a portion of corn. In rations with lower quality forages, DMI also increased
with SBH inclusion (Mueller et al., 2011). In contrast, Ludden et al. (1995) demonstrated
no difference in DMI with SBH inclusion, and Ranathunga et al. (2010) observed that
DMI decreased when SBH were included with DDGS in lactating dairy cow diets.
Addition of SBH did not depress ADG in the present study because of potential positive
associative effects with the other dietary ingredients and the fiber was more completely
digested. Ferreira et al. (2011) reported that replacing up to 45% of the corn in feedlot
lamb diets with SBH had no effect on ADG. Similarly, Mueller et al. (2011)
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demonstrated that replacing corn with SBH in an oat silage-based diet had no effect on
ADG of newly received feedlot calves, while Bittner (2012) noted that SBH fed in
combination with modified dry DGS or wet DGS produced similar or greater gains than
corn-based diets.
Morrow et al. (2013) observed that treating dried DGS with 2% NaOH in diets of
feedlot lambs tended to increase ADG and DMI, as a result of the neutralization of the
inherent acidity of dried DGS. Similarly, Nunez et al. (2014) reported a linear increase in
DMI and gain:feed with increasing CaO inclusion up to 2.4%. However, a quadratic
response was present where ADG increased from 0 to 0.8% CaO inclusion but decreased
from 1.6 to 2.4% inclusion (Nunez et al., 2014). Schroeder et al. (2014b) demonstrated
that treating dried DGS or modified dry DGS with 1.2% CaO decreased DMI, with no
effect on ADG, resulting in an increased gain:feed. Schroeder et al. (2014b) attributed the
decrease in DMI with CaO inclusion to a decrease in meal sizes from 0 to 3 h postfeeding without an increase in meal frequency.
Calcium oxide addition increased ADG in the first half of the present study
particularly for steers fed SBH free diets, which is most likely due to increased ruminal
pH and improved apparent NDF and ADF digestibilites. Further, gain:feed in the second
period was increased in cattle fed SBH and CaO despite an increase in DMI. Calcium
oxide addition to SBH diets actually decreased ADG, despite trends for increased fiber
digestibility and ruminal VFA concentrations. The interactions that occurred for HCW,
fat thickness, and YG, where CaO increased these parameters in cattle fed SBH free
diets, but decreased them in SBH diets is linked to the interaction that occurred for
overall dressing percentage adjusted ADG, where CaO increased overall adjusted ADG
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in cattle fed SBH free diets but decreased overall dressing percentage adjusted ADG in
cattle fed SBH. It is unclear why ADG was depressed in cattle fed SBH and CaO.
However, it is possible that absorption of VFA across the rumen wall may have been
inhibited by the combination of SBH and CaO. Dijkstra et al. (1993) reported that the rate
of VFA absorption increased with decreasing pH and that the increase in absorption was
linear to the reduction in pH. Although Krehbiel et al. (1995) suggested that ruminal
acidosis may result in decreased VFA absorption in lambs. Volatile fatty acid absorption
is complex and influenced by many factors (rate of fermentation, meal size and
frequency, rumen fill, absorption pathway). While there was no interaction between SBH
inclusion and CaO addition on ruminal pH in the present study, an elevated urine pH for
steers fed SBH suggests a more alkaline status and it is possible that CaO addition to
SBH diets negatively impacted ruminal VFA absorption. The SBH + CaO treatment had
the greatest concentration of total VFA which may be indicative of decreased absorption.
The fact that performance was enhanced in SBH free diets and depressed in SBH diets
with the addition of CaO may also be related to physical form of the diet and changes in
rate of degradation or passage. Hintz et al. (1964) reported an increase in ruminal rate of
passage in lambs when SBH were fed alone, as compared to when SBH was fed with
mixed hay.
In conclusion, addition of CaO to corn, dry DGS, and corn stover rations, without
added SBH improved digestibility and animal performance. However, although ruminal
parameters were improved, the addition of CaO to rations where SBH replaced a portion
of corn in dry DGS and corn stover diet was ineffective.
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Table 3.1 Composition of Diets (DM basis)

Corn
Soybean hulls
DDGS
Stover
Urea
Supplement3
Limestone
CaO

No SBH1
No CaO2 CaO2
43.9
44.8
--------30
30
20
20
0.2
0.2
4
4
1.9
--------1

SBH1
No CaO2 CaO2
14.1
15
30
30
30
30
20
20
--------4
4
1.9
--------1

Crude Protein
17.4
17.4
17.2
17.3
NEm, Mcal/kg
2.07
2.09
1.85
1.87
NEg, Mcal/kg
1.22
1.23
1.04
1.06
Calcium
1.07
1.06
1.06
1.05
Phosphorus
0.52
0.52
0.47
0.47
Sulfur
0.29
0.29
0.29
0.29
1
Soybean hulls (SBH)
2
Calcium oxide (CaO)
3
Supplement contained (DM basis): 1.00% Ca, 0.45%
Mg, 2.03% K, 0.25% S, 2.60 mg/kg Co, 252.56 mg/kg
Cu, 2.63 mg/kg I, 96.78 mg/kg Fe, 572 mg/kg Mn, 6.32
mg/kg Se, 875.43 mg/kg Zn, 62.9 IU/g Vitamin A, 7.48
IU/g Vitamin D, 224 IU/kg Vitamin E, 640.8 ppm
Rumensin (176.4 g/kg; Elanco Animal Health,
Greenfield, IN), 198.4 ppm Tylan (88.2 g/kg; Elanco
Animal Health, Greenfield, IN)

Table 3.2 Effect of soybean hull (SBH) inclusion or calcium oxide (CaO) addition on steer performance
Treatments
No SBH
SBH
No CaO
CaO
No CaO
CaO
Weight, kg
Day 0
Day 86
Day 155
Day 155, Adjusted1
ADG, kg/d
First Half (Day 0 to 86)
Second Half (Day 86 to 155)
Second Half, Adjusted 1
Overall (Day 0 to 155)
Overall, Adjusted1
DMI, kg/d
First Half (Day 0 to 86)
Second Half (Day 86 to 155)
Overall (Day 0 to 155)
Feed Efficiency, kg/kg
First Half (Day 0 to 86)
Second Half (Day 86 to 155)
Second Half, Adjusted1
Overall (Day 0 to 155)
Overall, Adjusted1
Days on Feed

SE

Fiber

2

P-value
Alkali3

F x A4

362.0
499.2
612.3
607.8

360.6
513.1
621.0
627.6

362.5
517.7
623.2
622.6

359.9
510.3
613.6
612.4

7.81
8.21
13.86
18.65

0.99
0.36
0.90
0.99

0.81
0.70
0.97
0.80

0.99
0.46
0.93
0.87

1.62b
1.49
1.37b
1.56
1.66a

1.80a
1.67
1.74a
1.71
1.73a

1.85a
1.63
1.56ab
1.75
1.76a

1.77a
1.58
1.50b
1.67
1.52b

0.041
0.117
0.093
0.059
0.045

0.03
0.87
0.80
0.25
0.22

0.22
0.60
0.21
0.47
0.13

0.01
0.75
0.09
0.20
0.01

10.0b
11.0b
10.5b

10.4b
11.7ab
10.9ab

11.0a
12.1a
11.5a

10.2b
12.6a
11.2a

0.22
0.42
0.22

0.12
0.03
0.02

0.36
0.19
0.73

0.03
0.10
0.06

0.162
0.135ab
0.125b
0.150
0.145
162.0

0.172
0.145a
0.148a
0.155
0.160
153.5

0.167
0.135ab
0.130b
0.152
0.153
152.0

0.174
0.123b
0.118b
0.150
0.148
152.0

0.0054
0.0054
0.006
0.0054
0.006
6.39

0.45
0.04
0.06
0.82
0.69
0.39

0.12
0.82
0.43
0.82
0.43
0.52

0.37
0.05
0.02
0.90
0.36
0.52

1 Adjusted

with a common average dressing percentage (62.71%) from the trial
of SBH inclusion
3Effect of CaO addition
4SBH x CaO
a,bValues within row without common superscripts differ (P ≤ 0.05)
2Effect
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Table 3.3 Effect of soybean hull (SBH) inclusion or calcium oxide (CaO) addition on carcass characteristics
Treatments
No SBH

SBH

P-value

No CaO

CaO

No CaO

381.2b
62.3
1.12b

393.5a
63.4
1.35a

390.4ab
62.7
1.27ab

L. Dorsi Area, cm2

87.1

86.5

86.5

87.1

Kidney, Pelvic, Heart Fat, %

1.9

1.95

1.88

Yield Grade

2.86b

3.26a

Marbling Score
Quality Grade Distribution
Select, %

360.7

Choice-, %

Hot Carcass Weight, kg
Dressing, %
Fat Thickness, cm

CaO

SE

384.0ab 4.12
62.6
0.55
ab
1.14
0.094

1

Fiber

Alkali2 F x A3

0.98
0.72
0.79

0.48
0.37
0.56

0.04
0.30
0.08

0.84

0.95

0.66

0.43

1.91

0.046

0.60

0.46

0.83

3.12ab

2.93b

0.115

0.08

0.37

0.03

412.5

371.4

345

24.3

0.27

0.61

0.14

19.0

7.0

24.0

25.0

6.0

0.09

0.44

0.32

53.0

43.0

53.0

61.0

10.0

0.40

0.90

0.42

0

22.0

32.0

8.0

7.0

7.0

0.02

0.51

0.46

+

Choice , %

7.0

7.0

7.0

4.0

5.0

0.71

0.71

0.75

Prime, %

0.0

11.0

9.0

4.0

5.0

0.90

0.55

0.12

Choice , %

1

Effect of SBH inclusion

2

Effect of CaO addition

3

SBH x CaO

a,b

Values within row without common superscripts differ (P ≤ 0.05)
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Table 3.4 Effect of soybean hulls (SBH) or calcium oxide (CaO) on ruminal volatile fatty acids
No SBH
Total VFA, mM
Formate, mM
Acetate, mM
Propionate, mM
Acetate:Propionate
Butyrate, mM
Isobutyrate, mM
Valerate, mM
Isovalerate, mM
1

Effect of SBH inclusion

2

Effect of CaO addition

3

SBH x CaO

SBH

P-value
1

No CaO

CaO

No CaO

CaO

SE

Fiber

Alkali2

F x A3

102.2
1.7
56.2
29.6
2.1
8.1
0.95
1.47a
2.2

118.2
2.0
66.0
29.7
2.5
13.5
1.16
1.12ab
2.4

125.2
1.9
78.9
28.6
3.0
10.1
0.82
0.86b
2.0

152.3
1.8
100.5
33.1
3.1
10.1
0.80
1.23ab
2.1

7.41
0.16
8.22
4.60
0.20
1.77
0.165
0.209
0.35

< 0.001
0.93
< 0.01
0.79
< 0.01
0.69
0.17
0.24
0.51

< 0.01
0.37
0.09
0.63
0.19
0.16
0.57
0.96
0.73

0.46
0.18
0.49
0.65
0.52
0.16
0.52
0.09
0.93
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Table 3.5 Effect of soybean hull (SBH) inclusion or calcium oxide (CaO) addition on diet digestibility
Treatments
No SBH
SBH
Intake, kg/d
DM
OM
CP
NDF
ADF
Apparent digestibility, %
DM
OM
CP
NDF
ADF
1

Effect of SBH inclusion

2

Effect of CaO addition

3

SBH x CaO

No CaO

CaO

No CaO

8.7
8.2
228.9
2.8
1.2

9.0
8.5
237.4
2.9
1.2

8.7
8.1
230.5
4.3
2.3

78.3
80.0
80.5
62.9
55.3

81.8
83.5
82.3
71.7
64.3

79.4
81.2
81.5
76.7
74.9

P-value
Fiber1

Alkali2

F x A3

9.2
0.49
8.6
0.46
244.3 12.93
4.6
0.21
2.4
0.11

0.92
0.93
0.75
< 0.0001
< 0.0001

0.46
0.40
0.41
0.43
0.46

0.85
0.85
0.84
0.74
0.68

82.5
83.8
82.8
79.8
77.9

0.52
0.58
0.58
< 0.001
< 0.0001

0.04
0.05
0.29
0.02
0.02

0.88
0.75
0.88
0.19
0.18

CaO

SE

1.34
1.32
1.37
2.03
2.08
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Table 3.6 Effect of soybean hull (SBH) inclusion or calcium oxide (CaO) addition on nitrogen balance
Treatments
No SBH
N intake, g/d
N excretion, g/d
Fecal excretion
DM, kg/d
Total N, g/d
Total N, % N excretion
Urinary excretion
Volume, L/d
Total N, g/d
Total N, % N excretion
Urea N, g/d
Ammonia N, g/d
Urine pH
1

Effect of SBH inclusion

2

Effect of CaO addition

3

SBH x CaO

SBH

P-value
1

No CaO

CaO

No CaO

CaO

SE

Fiber

Alkali2

F x A3

228.9
141.7

237.4
127.9

230.5
127.7

244.3
111.7

12.93
7.21

0.75
0.07

0.41
0.07

0.84
0.89

1.9
44.6
31.5

1.6
42.1
32.6

1.8
42.5
33.3

1.6
41.4
37.8

0.16
3.90
2.93

0.61
0.72
0.26

0.19
0.66
0.36

0.85
0.86
0.59

9.4
97.1
68.5
74.3
22.7
7.1

7.3
85.7
67.4
68.7
15.7
7.7

8.2
85.2
66.7
53.8
31.8
8.2

6.9
70.3
62.2
39.5
30.8
8.4

0.94
5.93
2.93
8.98
6.33
0.30

0.44
0.05
0.26
0.02
0.09
0.01

0.10
0.05
0.36
0.30
0.55
0.22

0.67
0.77
0.59
0.64
0.64
0.68
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Figure 3.1 Effect of soybean hull (SBH) inclusion on ruminal pH over time

111

7.50

Rumen pH

7.00

6.50

6.00

5.50

Alkali x time, P = 0.007
5.00
0

3

6

9
12
Time post-feeding, h
No CaO
CaO

15

18

Figure 3.2 Effect of calcium oxide (CaO) addition on ruminal pH over time
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EFFECTS OF RUMINAL ALKALINIZING
AND/OR BUFFERING AGENTS FED TO FEEDLOT STEERS ON
PERFORMANCE AND CARCASS CHARACTERISTICS

4.1

Abstract
When added directly to the ration, calcium oxide and calcium hydroxide have the

ability to increase rumen pH, fiber digestibility, and performance of feedlot cattle fed
high concentrate/distillers grains (DG) diets. However, it is unclear which alkali is most
effective, if safer, more economical buffers have the potential to improve performance, or
if alkali/buffer combinations can improve cattle performance over alkali or buffers fed
alone. Thus, this study was performed to determine which alkali, buffer, or alkali/buffer
combination is most effective at increasing performance of feedlot cattle fed a corn/DGbased diet. In experiment 1, 120 Angus x Simmental steers (395.3 ± 12.49) were allotted
to 5 treatments based on BW, breed composition, and frame size. Four pens of 6 steers
were fed rations supplemented with: no alkali/buffer (CON), 1% calcium oxide (CaO),
1% calcium hydroxide (Ca(OH)2), 1% potassium carbonate (K2CO3), or 1% Ca(OH)2 +
1% K2CO3 (COMB). Animals were slaughtered at an average BW of 612 kg. In
experiment 2, ruminal fluid was collected from a cannulated cow, strained, and placed in
a Daisy Wheel incubation system at 39o C. Each treatment diet from experiment 1 was
added to duplicate glass jars to measure pH changes over 24 h. Data were analyzed using
the MIXED procedure of SAS. No differences among treatments were found for BW or
DMI throughout the study (P ≥ 0.55). Overall ADG was greatest for CaO and least for
CON (P = 0.09), while overall average daily gain for Ca(OH)2, K2CO3, and COMB were
intermediate and did not differ from CaO or control (P ≥ 0.10). Gain:feed was greatest
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for CaO for the first half of the study (P = 0.05) and intermediate for Ca(OH)2 which did
not differ from any of the treatments. No differences in G:F were noted for the second
half of the study or overall (P ≥ 0.16). Days on feed were greatest for CON steers,
intermediate for steers fed Ca(OH)2, K2CO3, and COMB, and lowest for steers fed CaO
(P = 0.005). Hot carcass weight, fat thickness, LM area, % KPH, yield grade, and
marbling score did not differ among treatments (P ≥ 0.14). Dressing percentage was
greatest for steers fed Ca(OH)2, and COMB, intermediate for CON steers, and lowest for
steers fed CaO or K2CO3 (P = 0.05). There was a treatment (P ≤ 0.03) and treatment x
time interaction (P = 0.02) for in vitro pH. Calcium oxide produced the greatest pH, CON
the lowest, and Ca(OH)2, K2CO3 diets produced intermediate pH. The COMB diet
produced a similar pH pattern as CON, but was able to maintain a higher pH later in the
24 h period. In conclusion, all alkali and buffer additions decreased the number of days
for cattle to reach market weight compared to control; however, CaO appears to be the
most effective at increasing ruminal pH and improving performance.

4.2

Introduction
Growth of the ethanol industry has led to increased utilization of distillers grains

with solubles (DGS) in the beef industry. Distillers grains with solubles contains sulfuric
acid (McAloon et al., 2000), giving rise to the possibility for rumen pH to drop as low as
5 when it is included in feedlot diets (Felix and Loerch, 2011). Fiber degradation is
optimal at a pH of 6, thus, a lower ruminal pH could limit fiber digestibility (Hoover,
1986). Alkalizing agents have the ability to shift rumen pH by bonding to the available
hydrogen ions, causing an increase in pH values (Shaver et al., 1988). Previous research
has shown that when calcium oxide is added directly to the ration it stabilizes ruminal pH
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and increases apparent digestibility in 30 or 60% dried DGS rations (Nunez et al., 2014;
Chapter 3) with corn and either corn silage or corn stover as the roughage source.
Calcium hydroxide is also effective at improving digestibility when directly added to the
diet, (Chapter 2), but may be less effective than CaO (Dahlke and Euken, 2013).
True buffers like sodium bicarbonate, potassium carbonate (K2CO3), limestone, or
bentonite work to prevent pH changes and can either bind or release hydrogen ions when
acidity increases or decreases, respectively, resulting in the maintenance of a more
constant pH (Shaver et al., 1988). Buffers that possess a pK above the typical ruminal
fluid pH will act as alkalizing agents rather than simply as buffers to increase the
resistance of the rumen to a change in pH. Our hypothesis was that combining an
alkalizing agent (Ca(OH)2) with a buffer (K2CO3) will maintain a higher ruminal pH for a
longer period of time compared to an alkali or buffer alone. As a result, an even greater
improvement in fiber degradation in potentially acidic rations could occur that will
provide a more beneficial impact on steer performance. Two experiments were conducted
to determine which alkali, buffer or alkali/buffer combination is most effective at
increasing performance of feedlot cattle fed a corn/DGS/stover-based diet when added
directly to the TMR.

4.3

Materials and Methods
Research protocols involving the utilization of animals followed guidelines set

forth in the Guide for the Care and Use of Agricultural Animals in Agricultural Research
and Teaching (FASS, 2010) and were approved by the Purdue Animal Care and Use
Committee (PACUC).

116
4.3.1

Experiment 1

4.3.1.1 Animals and Diets
One hundred twenty Angus x Simmental steers (average initial BW = 395.7 ±
12.47 kg) from the Purdue University Animal Sciences Research and Education Center
(ASREC) were used to determine which alkali, buffer or alkali/buffer combination was
most effective at increasing the performance of feedlot cattle. Steers were allotted by
BW, frame size, and breed composition to one of five treatments. All diets contained
43.5% corn, 30.0% dried DGS, 20% corn stover, 4.0% vitamin and mineral supplement
with the remaining portion for treatments consisting of: 1) 1% additional corn and 1.5%
limestone (control; CON), 2) 1.5% additional corn and 1% calcium oxide (CaO), 3) 1.5%
additional corn and 1% calcium hydroxide (Ca(OH)2), 4) 1.5% limestone and 1%
potassium carbonate (K2CO3), and 5) 0.5% additional corn, 1% Ca(OH)2 and 1% K2CO3
(COMB). Corn stover was harvested at approximately 80% DM after corn harvest. Corn
stover was chopped in a windrow and then harvested using a silage chopper equipped
with a flail header and stored in an air-tight silage bag (Up North, Cottage Grove, MN)
until the initiation of the experiment. Steers were allotted to 20 pens (6 steers/pen, 4
pens/treatment) located in a curtain-sided, slatted-floor finishing barn. Pen dimensions
were 6.1 x 3.4 m and provided 57 cm of bunk space per animal. Diets, shown in Table
4.1, were formulated to meet or exceed NRC (1996) requirements form protein, vitamins,
and minerals of growing beef cattle. Diets were delivered daily at 0800 h and steers were
allowed ad libitum access to feed and water. Feed deliveries were adjusted daily using
the South Dakota State University 4-point bunk scoring system (Pritchard, 1993) to
minimize the accumulation of unconsumed feed. Feed delivery was recorded daily and
feed refusals were weighed, recorded and discarded daily. Feed samples were taken
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every other week, dried in a forced air oven at 60°C for 48 h for DM determination. Asfed formulations were adjusted accordingly every other week based on DM content.
Dried samples were composited at the end of the experiment and analyzed for chemical
composition by an external laboratory (Cumberland Valley Analytical Services,
Hagerstown, MD). Analysis included N (method 990.03; AOAC, 2000; Leco FP-528
Nitrogen Combustion Analyzer; Leco Corp., St. Joseph, MI), NDF (Van Soest et al.,
1991), ash (method 942.05; AOAC, 2000), and minerals (method 985.01; AOAC, 2000).
Steers were vaccinated against bovine rhinotracheitis, bovine viral diarrhea,
parainfluenza-3, and bovine respiratory syncytial virus (Bovi-Shield GOLD® FP® 5;
Zoetis Animal Health, Florham Park, NJ), against Haemophilus somnus, Pasturella, and
Clostridia (Vision-7® Somnus; Merck Animal Health, Summit, NJ), treated for internal
and external parasites (Cydectin® Pour-On; Boehringer Ingelheim Vetmedica, Inc., St.
Joseph, MO), and implanted with Revalor – XS (4 mg estradiol and 20 mg trenbolone
acetate; provided courtesy of Merck Animal Health, Summit, NJ) upon feedlot entry.
Optaflexx (ractopamine hydrochloride; provided courtesy of Elanco, Greenfield, IN) was
fed starting 42 d prior to slaughter.
4.3.1.2 Growth Performance and Carcass Characteristics Measurements
Steers were weighed two consecutive days at the onset ant termination of the study for
determination of initial and final BW. During the experiment, steers were weighed
monthly to monitor ADG. Body weights were taken prior to feeding. Scales (Tru-Test
XR3000) weighed to the nearest 0.9 kg (< 453.6) or 2.3 kg (> 453.6 kg) and were
checked for accuracy at each weigh date. Average daily gain was determined by the
difference between final and initial BW divided by the number of days on feed. Dry
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matter intake was recorded and used to calculate feed efficiency (gain:feed) by dividing
ADG by DMI. Feedlot performance was calculated for d 0 to 63 (period 1), d 64 to
slaughter (period 2) and d 0 to slaughter (overall). Animals were slaughtered at a
commercial packing facility (Tyson Foods, Joslin, IL) when they achieved a target BW of
approximately 612 kg. Hot carcass weight (HCW) was determined immediately after
slaughter and prior to chilling. Dressing percentage (DP) was calculated by dividing the
HCW by the final BW. After carcasses were chilled for 24 h, the following
measurements were obtained by qualified University personnel: subcutaneous fat
thickness taken between the 12th and 13th ribs, LM area obtained by direct grid reading of
the LM between the 12th and 13th ribs, internal fat (kidney, pelvic, and heart fat; %KPH)
as a percentage of hot carcass weight, marbling score, and USDA quality and yield
grades (USDA, 1997).
4.3.1.3 Statistical Analysis
Data were analyzed as a completely randomized design using the MIXED
procedure of SAS (version 9.4, SAS Inst. Inc., Cary, NC), with pen considered the
experimental unit. The model included the fixed effects of treatment, day, and treatment x
day interaction. Performance data were analyzed as repeated measures by comparing 5
covariance structures for each variable (simple, compound symmetric, autoregressive
order one, heterogeneous autoregressive order one, and unstructured) and the covariance
structure that generated the lowest Bayesian information criterion was used for the
presented results. The least squares means (LSMEANS) statement was utilized to
determine the adjusted means for each treatment. Quality grade distribution data was
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analyzed using the GLIMMIX procedure of SAS. Differences were considered
statistically significant a P ≤ 0.05 and tendencies were noted when 0.05 ≤ P ≤ 0.10.
4.3.2

Experiment 2

4.3.2.1 In Vitro pH Determination
Rumen contents were collected from a fistulated animal, strained through 4 layers of
cheesecloth to collect ruminal fluid, placed in a 39°C temperature controlled
transportation cooler and transported to the on campus laboratory. Daisy incubation jars
(4L) with one-way pressure release valves were pre-heated in the Daisy Incubator
(Ankom Technologies, Macedon, NY) to 39°C and a pH monitoring system (Kahne
Animal Health, Auckland, New Zealand) was placed into each jar and set to record pH
every 15 minutes for 24 h. Boluses were calibrated for pH prior to inserting them in the
jars. Ruminal contents were strained though 4 layers of cheesecloth, and 500 mL of
ruminal fluid was added to the prepared jars. After initial pH (0 h) was recorded by the
pH monitoring system, 60 g of each diet used in experiment 1 (Table 4.1) was added to
the jars and jars were placed in the Daisy Incubator. An anaerobic environment was
maintained throughout the process by purging the transport container and the Daisy
Wheel jars with nitrogen gas. Samples were maintained at 39°C and rotated for 24 h.
Each experimental diet was run in duplicate, with no duplicates of the same experimental
ration repeated within the same run.
4.3.2.2 Statistical Analysis
Data were analyzed as a completely randomized design using the MIXED
procedure of SAS (version 9.4, SAS Inst. Inc., Cary, NC), with individual jar considered
the experimental unit. The model included the fixed effects of treatment, hour, and
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treatment x hour interaction. Data were analyzed as repeated measures by comparing 5
covariance structures for each variable (simple, compound symmetric, autoregressive
order one, heterogeneous autoregressive order one, and unstructured) and the covariance
structure that generated the lowest Bayesian information criterion was used for the
presented results. The least squares means (LSMEANS) statement was utilized to
determine the adjusted means for each treatment. Differences were considered
statistically significant a P ≤ 0.05 and tendencies were noted when 0.05 ≤ P ≤ 0.10.

4.4
4.4.1

Results
Experiment 1
One steer was removed from the study for a reason unrelated to treatment.

Performance data are summarized in Table 4.2. No differences among treatments were
noted for BW during any point of the study (P ≥ 0.78). Steers fed CaO had the greater
ADG during period 1 compared to CON steers the lowest, and Ca(OH)2, K2CO3 and
COMB steers were intermediate (P = 0.05). No differences were observed for period 2
ADG (P = 0.11). Overall ADG tended to be greatest for steers fed CaO and lowest for
steers fed CON (P = 0.09), while Ca(OH)2, K2CO3 and COMB steers tended to have
intermediate overall ADG. Days on feed were greatest for CON, intermediate for steers
fed K2CO3, and lowest for CaO steers (P < 0.01). Days on feed for steers fed Ca(OH)2
and COMB were not different from CaO or K2CO3 steers. No differences were noted for
DMI at any point in the study (P ≥ 0.33). In period 1, steers fed CaO had the greatest
gain:feed compared to CON, K2CO3 and COMB steers (P = 0.05). No differences were
observed for period 2 or overall gain:feed (P ≥ 0.16).
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Carcass characteristics are presented in Table 4.3. Hot carcass weight did not
differ among treatments (P = 0.61). Steers fed Ca(OH)2 and COMB had the greatest
dressing percentage while CaO and K2CO3 had the lowest dressing percentage (P = 0.05).
Steers fed CON had intermediate dressing percentages that did not differ from any other
treatment. Back fat thickness, LM area, % KPH, yield grade and marbling score did not
differ among any treatments (P ≥ 0.14). Quality grade distributions did not differ among
treatments (P ≥ 0.29).
4.4.2

Experiment 2
In vitro pH data are presented in Figure 4.1. In vitro pH measurements differed

among treatments and treatments over time (P ≤ 0.03). There was a treatment (P ≤ 0.03)
and treatment x time interaction (P = 0.02) for pH. No differences among treatments were
observed at 0 h (P = 0.23). However, during the 24 h period, CON consistently
maintained the lowest pH, but did not differ from COMB from 4 h to 22 h. At 1 h,
COMB had the greatest pH, but did not differ from Ca(OH)2 or K2CO3, and only tended
to differ from CaO. After 1h, pH for all treatments began to gradually decline. From 3 to
8 h, CaO maintained the highest pH, but did not differ from Ca(OH)2 or K2CO3 from 9 to
24 h. The COMB treatment did not differ from K2CO3 at any time point during the
study. At 23 and 24 h, pH of all treatments were greater than that of CON.

4.5

Discussion
Ruminal fiber degradation is a pH dependent process that is inhibited at a pH of

less than 6 (Mould and Ørskov, 1983) due to a decreased ability of fiber digesting
bacteria to attach to feed particles resulting in reduced microbial growth, and decreased
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cellulases present in the ruminal environment (Hoover, 1986). Pairing of fibrous
feedstuffs like DGS and corn stover could stimulate fibrolytic ruminal bacteria, leading to
a positive associative effect and increased ruminal fiber degradation (Lardy, 2007; Olson,
2015). However, sulfuric acid utilized in the ethanol fermentation process (McAloon et
al., 2000) results in DGS that have an acidic pH which can lower ruminal pH to as low as
5 (Felix and Loerch, 2011). In addition, DGS are also high in fiber, which may self-limit
digestibility of that feedstuff when fed at greater dietary concentrations. Moreover, if
combined with other high fiber feedstuffs, like corn stover, digestibility could be
hindered if pH is not controlled.
In vitro pH dropped to much lower values in the present study compared to in vivo
values reported in previous studies (Nunez et al., 2014; Chapter 2, Chapter 3) which is
presumed to result from inefficient VFA removal from the rumen. In addition, the lower
pH in the present study may have occurred because diets had a greater corn content
compared to previous studies (Nunez et al., 2014; Chapter 2, Chapter 3). In the present
study, in vitro pH values were greater when an alkali and/or buffer were added. Calcium
oxide maintained a higher in vitro pH, the other alkali and/or buffers provided
intermediate pH, while the CON diet caused the lowest pH, indicating that CaO is more
effective at ruminal pH control compared to Ca(OH)2 or K2CO3 and aligns well with
performance data in experiment 1. Alkalizing agents, like CaO and Ca(OH)2, differ in
their mode of action from true buffers, such as K2CO3, though both types of agents work
to control pH. Alkalizing agents chemically bind free hydrogen ions in the rumen,
increasing ruminal pH (Shaver et al., 1988). In contrast, buffers work to maintain pH by
binding and releasing hydrogen ions. True buffers prevent pH changes and do not
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increase ruminal pH unless supplied in excess (Shaver et al., 1988). Addition of an alkali
and buffer together could theoretically increase ruminal pH and resist a pH decline, while
simultaneously maintaining the increased pH for a longer period of time. Further, the
addition of Ca(OH)2 in the presence of K2CO3 results in the production of KOH (Miller
et al., 2014) which is a stronger alkali than CaO or Ca(OH)2. Thus, it was surprising that
the COMB treatment in the present study produced a lower in vitro pH compared to
Ca(OH)2 or K2CO3 alone. However, the fact that COMB did not increase ruminal pH to a
greater extent was consistent with the effect that the COMB treatment had on animal
performance.
In the present study, ADG was increased with the addition of an alkali and/or
buffer in period 1, which may be indicative of increased ruminal fiber fermentation.
Addition of an alkali directly to the diet has been demonstrated to increase ruminal pH,
leading to increased fiber degradation and animal performance (Chapter 2; Chapter 3;
Nunez et al., 2014). Morrow et al. (2013) demonstrated a tendency to increase ADG in
feedlot lambs when DDGS was treated with 2% sodium hydroxide, and attributed this to
neutralization of DDGS acidity. Additionally, Nunez et al. (2014) reported that ADG of
feedlot steers fed 60% DDGS responded quadratically to CaO addition where ADG
increased from 0 to 0.8% dietary CaO inclusion and decreased from 1.6 to 2.4% dietary
CaO inclusion. The addition of CaO to rations where soybean hulls replaced a portion of
corn in a dried DGS and corn stover diet was ineffective, although ruminal parameters
were improved (Chapter 3). Duckworth et al. (2014) observed that pretreating corn
stover with CaO or adding 1% CaO to a corn-based feedlot diet decreased DMI and
ADG, but did not affect gain:feed. Further, CaO treatment of dried or modified DGS in a
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50% DGS rations with 20% corn stover decreased DMI, with no effect on ADG, resulting
in an increased gain:feed (Schroeder et al., 2014b).
Buffers have been added to beef cattle diets during adaptation to a high grain diet to
help maintain performance during this period (Huntington et al., 1977), though benefits
provided from buffer inclusion during the feeding period are minimal and sometimes
negative (Russell et al., 1980; Crawford et al., 2008). Sodium bicarbonate has been
shown to enhance performance of steers (Peirce et al., 1983) and heifers (Worley et al.,
1986) during the transition from high forage to high concentrate diets. Inclusion of
NaHCO3 in 90% corn-based diets increases ruminal pH (Boerner et al., 1987a).
However, conflicting research has provided uncertainty on the effectiveness of NaHCO3
to improve feedlot performance for cattle fed high grain rations. Some research has
demonstrated that the addition of NaHCO3 increases overall DM and fiber digestibility
(Stroud et al., 1985; Zinn, 1991) in high grain diets, while others have observed no effect
(Zinn and Borques, 1993). Potassium carbonate is widely used in the dairy industry, and
has been shown to be a stronger buffer than KHCO3 or NaHCO3 (Herod et al., 1978).
West et al. (1986) observed that feed intake was increased for dairy cows consuming
diets with K2CO3 compared to diets containing KHCO3 or NaHCO3. However, dairy
cow performance and ruminal pH did not differ for cows supplemented with either
K2CO3 or NaHCO3 (West et al., 1987a). However, Emery and Brown (1961) reported
that the addition of K2CO3 to high concentrate dairy cattle rations resulted in greater
ruminal pH and prevented decreases in milk fat percentages that were commonly
observed with high concentrate diets.
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Inclusion of alkali and/or buffers had little impact on carcass characteristics in the
current study. A similar response for dressing percentage was noted by Nunez et al.
(2014), and also presented in Chapters 2 and 3 of this thesis. Similarly, Schroeder et al.
(2014b) reported a tendency for steers fed DGS treated with CaO to produce a lower
percentage of carcasses that were USDA YG 4, with no other carcass parameters
differing. In contrast, Duckworth et al. (2014) reported a decrease in hot carcass weight
and fat thickness with CaO pre-treatment or addition to corn stover in a corn-based
ration.
In conclusion, addition of CaO to a corn-based ration with DDGS and stover
resulted in improved performance, while calcium hydroxide and K2CO3 appear to be less
effective. Similarly, the combination of K2CO3 + Ca(OH)2 was not additive and was not
as effective as CaO. Data from the present study suggests that CaO would be most
effective at improving feedlot performance in corn-based rations containing DDGS and
corn stover because it can maintain a greater ruminal pH and may potentially increase
ruminal fiber digestibility the most.
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Table 4.1 Composition of Diets (DM basis)
Control CaO

Ca(OH)2

K2CO3

COMB1

Corn
44.5
45
45
42.5
44
DDGS
30
30
30
30
30
Stover
20
20
20
20
20
2
Supplement
3.93
3.93
3.93
4
4
Potassium chloride
0.07
0.07
0.07
------Limestone
1.5
------1.5
---CaO
---1
---------Ca(OH)2
------1
---1
K2CO3
---------2
1
Nutrient composition
NEm, Mcal/kg
2.09
2.1
2.1
2.04
2.08
NEg, Mcal/kg
1.23
1.23
1.23
1.2
1.22
Protein, %
16.7
16.7
16.7
16.5
16.6
Calcium, %
0.93
1.07
0.90
0.92
1.07
Potassium, %
0.84
0.85
0.85
1.86
1.3
1
Ca(OH)2 + K2CO3
2
Supplement contained (DM basis): 0.94% Ca, 0.27% Mg, 0.56% K, 0.25% S, 2.61
mg/kg Co, 260.88 mg/kg Cu, 12.71 mg/kg I, 88.80 mg/kg Fe, 545 mg/kg Mn, 6.35
mg/kg Se, 796.75 mg/kg Zn, 63.18 IU/g Vitamin A, 7.49 IU/g Vitamin D, 219 IU/kg
Vitamin E, 585.4 ppm Rumensin (176.4 g/kg; Elanco Animal Health, Greenfield,
IN), 181.2 ppm Tylan (88.2 g/kg; Elanco Animal Health, Greenfield, IN)
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Table 4.2 Effects of alkalizing and/or buffering compounds on steer performance
Treatments
Control

CaO

Ca(OH)2

K2CO3

COMB1

SE

P

Day 0
Day 63

395.3
494.8

397.3
517.2

396.0
508.7

395.9
502.5

395.5
508.8

12.49
12.49

0.99
0.78

Day 128
ADG, kg/d

617.3

628.8

623.0

627.0

616.0

12.49

0.93

Period 1
Period 2

1.61cy
1.61

1.94a
1.91

1.82abx
1.72

1.73bc
1.78

1.82ab
1.72

0.075
0.075

0.05
0.11

Overall
DMI, kg/d

1.62b

1.94a

1.79ab

1.76ab

1.79ab

0.075

0.08

Period 1

9.3

9.6

9.8

9.7

10.1

0.33

0.55

Period 2

11.0

11.8

11.9

11.6

11.4

0.33

0.33

Overall

10.3

10.7

10.9

10.6

10.8

0.33

0.68

Period 1
Period 2
Overall

0.173b
0.146
0.158

0.202ax
0.161
0.182

0.185aby
0.144
0.164

0.178b
0.154
0.166

0.181b
0.150
0.166

0.0067
0.0067
0.0067

Days on feed

143.1b

119.5a

126.5a,c

131.8c

123.0a,c

3.67

0.05
0.41
0.16
<
0.01

Weight, kg

Gain:feed, kg:kg

1

Ca(OH)2 + K2CO3

a,b,c

Values within row without common superscripts differ (P ≤ 0.05)

Values within row without common superscripts differ (0.05 ≤ P ≤ 0.10)

x,y

Table 4.3 Effects of alkalizing and/or buffering compounds on carcass characteristics
Treatments
K2CO3
377.8

COMB1
381.1

SE
4.34

P
0.61

61.8b
1.35

60.2a
1.31

61.9b
1.28

0.45
0.062

0.05
0.26

85.1
1.95

86.9
1.90

86.9
1.92

85.3
1.92

0.93
0.060

0.52
0.96

3.0
365.0

3.3
366.2

3.1
353.8

3.0
365.0

3.1
380.3

0.07
12.48

0.14
0.69

20.8

9.2

29.2

16.7

12.5

0.07

0.29

54.2

70.0

45.9

53.5

56.7

0.10

0.61

12.5

12.5

16.7

20.9

21.7

0.06

0.76

12.5

8.4

8.4

4.2

9.2

0.06

0.89

HCW, kg

Control
375.3

CaO Ca(OH)2
378.5
384.7

Dressing percent
Fat thickness, cm

60.8a,b
1.34

60.3a
1.47

Rib-eye area, cm2
Kidney, pelvic, heart fat, %

86.3
1.90

Yield grade
Marbling score
Quality grade
Select, %
Choice-, %
o

Choice , %
+

Choice , %
1

Ca(OH)2 + K2CO3

a,b,c

Values within row without common superscripts differ (P ≤ 0.05)

Values within row without common superscripts differ (0.05 ≤ P ≤ 0.10)

x,y

131

Figure 4.1 Effects of added alkalizing and/or buffering compounds on in vitro pH
1

Ca(OH)2 + K2CO3

*Denotes differences among treatments (P ≤ 0.05)
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SUMMARY

The research in this thesis focuses on feeding strategies that have the potential to
utilize DGS and corn stover together in rations. A critical part of this feeding strategy is
finding a way to increase the digestibility of corn stover. Other works have evaluated
pre-treating corn stover with alkaline solutions to break alkali-soluble bonds between
lignin and structural carbohydrates, allowing the structural carbohydrates to be accessed
by ruminal microbes. However, the pre-treatment process is time consuming and often
requires specialized equipment, as well as additional labor and fuel, increasing costs.
Alternative methodologies of improving fiber digestibility, such as ruminal pH control
and inducing positive associative effects, were the focus of research presented in this
thesis.
Inclusion of DGS in rations can increase dietary acidity and result in decreased fiber
digestion. Consequently, increasing ruminal pH could promote more fiber degradation,
leading to greater animal performance. Ruminal pH can be increased by including
greater amounts of dietary roughage, dispersing hydrogen ions in the rumen due to
increased ruminal fill. Additionally, direct addition of alkalizing and/or buffering
compounds to diets can mitigate ruminal acidity, increasing fiber digestibility. This
thesis also explored the potential to use complementary fiber feedstuffs to induce a
positive associative effect, and increase ruminal pH.
Overall findings of this research show that increasing dietary roughage does not
improve fiber digestibility in rations containing DGS, although corn stover can increase
ruminal pH. Furthermore, utilization of a complementary fiber feedstuff, such as SBH,
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can induce a positive associative effect with corn stover and DGS, increasing fiber
digestibility. Further, alkali additions to rations containing corn stover resulted in
improved fiber digestibility and animal performance. However, the effects of
complementary fiber in the form of SBH and added CaO as an alkali source were not
additive. Evaluation of alkalizing and/or buffering compounds in this thesis
demonstrated that CaO seems to be most effective at increasing fiber digestibility, animal
performance, and in vitro pH. Though, increases in in vivo pH were not demonstrated
with alkali addition in presented research.
Ruminal pH not being increased with alkali addition, could be related to feeding
patterns of steers. In the in vitro pH determination experiment, all of the dietary ration
was added to the incubation at once, meaning all of the alkalizing and/or buffering
compounds that would be consumed by the animal were added at one time. There is a
potential that the increase in pH observed in the in vitro experiment was due to larger
quantities of alkali entering the environment at the same time, causing a greater shift in
pH initially. Therefore, if steers did not consume their full DMI at one time, not all of the
alkali would be present and may not result increased ruminal pH. Additionally, steers in
these studies were fed once daily, where commercial operations may deliver feed two to
three times daily. Feed delivery will stimulate animal consumption. Therefore, there is a
potential to feed CaO in rations that are delivered more than once daily and produce a
maintained ruminal pH value, and potentially impact fiber digestibility. Further
examination of feeding patters with alkali addition, as well as utilization of pH
monitoring equipment, could provide further insight on the relationship of ruminal pH
with dietary inclusion of CaO.
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Though this thesis focused on direct addition of alkalizing and/or buffering
compounds, previous research as demonstrated the effectiveness of pre-treating corn
stover to increase fiber digestibility. Animal performance has been demonstrated to
increase with pre-treatment of corn stover, and this thesis presented increases in animal
performance when chemical agents to control ruminal pH were added directly to the
ration. Consequently, there is a potential for these two methodologies to be combined
and produce a more profound impact on animal performance. The pre-treatment would
expose more structural carbohydrates, and direct addition of an alkali, like CaO, could
increase ruminal pH, allowing more efficient fermentation of the exposed structural
carbohydrates. Therefore, utilization of these methodologies simultaneously could result
in greater animal performance than when used separately.
Further investigation of alkali compounds is necessary to determine the exact
mechanism that results in increased digestibility and animal performance when added
directly to the diet. Additionally, altering feeding frequency could produce greater
effects on digestibility and animal performance. Further, combining direct dietary alkali
inclusion with pre-treatment of corn stover may result in greater improvements in
digestibility and animal performance.
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